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AN INVESTIGATION OF ‘PORPHYRIA CUTANEA TARDA’?! 


By G. HOLTI, C. RIMINGTON, B. C. TATE, anv GARFIELD THOMAS 


(From the Medical Research Council Unit for Research on the Experimental 
Pathology of the Skin, University of Birmingham Medical School, the Depart- 
ment of Chemical Pathology, University College Hospital Medical School, and 
the Queen Elizabeth Hospital, Birmingham) 


With Plates 1 and 2 


Durtine the last few decades increasing attention has been given to the chemical 
and biological study of porphyrins. Iron-porphyrin complexes, or haems, 
combined with specialized proteins, make up such essential constituents of the 
cell as cytochromes and catalase, substances indispensable for respiration and 
intermediary metabolism. Much useful knowledge of porphyrin biochemistry 
has been gained by studying disturbances of porphyrin metabolism occurring 
both in men and in animals. These advances in turn have led to a more frequent 
recognition of such clinical disorders and to an ever-growing number of publi- 
cations. The porphyrias, far from being of interest only to the investigator of 
rare abnormalities, are more widespread than vss formerly realized, and may 
confront physicians and surgeons alike. New classifications of these diseases 
have been proposed since the classical studies of Giinther (1911-12, 1922) and 
Waldenstrém (1937), who divided the inborn porphyrias into (1) the rare and 
unremitting ‘congenital porphyria’, (2) the frequently benign ‘porphyria cutanea 
tarda’, characterized by intermittent porphyrinuria and cutaneous lesions of 
later onset than in ‘congenital porphyria’, and (3) the more common, intermit- 
tent, often fatal ‘acute porphyria’. ‘Thus Watson and his colleagues (Watson, 
Lowry, Schmid, Hawkinson, and Schwartz, 1951) have introduced the terms 
‘erythropoietic’ and ‘hepatic’, believing the seat of the metabolic disturbance 
to be the bone-marrow in ‘congenital porphyria’ and the liver in ‘acute intermit- 
tent porphyria’ and ‘porphyria cutanea tarda’. They also recognized a ‘mixed 
porphyria’ of hepatic type, in which symptoms characteristic both of the ‘acute 
intermittent’ and the ‘cutanea tarda’ forms are exhibited by the same patient 
(Schmid, Schwartz, and Watson, 1954). Dean and Barnes (1955), however, 
described only one form of porphyria which, they claimed, may manifest itself 
differently in members of a single affected family, or even in any one subject at 
different times. We present this paper in the hope that it will be of some help 
towards defining more closely the inherited clinical syndrome described in the 
most widely used classification of the porphyrias (Waldenstrém, 1937) as 
‘porphyria cutanea tarda’. We wish first to emphasize that it is possible, by a 
1 Received February 11, 1957. 
Quarterly Journal of Medicine, New Series XXVII, No. 105, January 1958. B 


ig 


2 G. HOLTI, C. RIMINGTON, B. TATE, AND G. THOMAS 


combination of clinical and biochemical investigations, to distinguish from the 
other porphyrias, as well as from the acquired porphyrinurias, a clearly defined 
inborn disturbance of porphyrin metabolism, and secondly to illustrate the 
inheritance of this condition as a Mendelian dominant through four generations 
of a family. 

The nature of the lesions induced by sunlight in a sensitive skin has been 
studied for many years, but M’Call Anderson (1898) was apparently the first to 
suggest that some photosensitizing substance might be responsible. In 1905 
Ehrmann demonstrated haematoporphyrinuria in sufferers from ‘hydroa vaccini- 
forme’. Schreus and Carrié (1931) drew attention to the fact that in certain 
porphyric subjects skin usually exposed to the sun may develop an undue and 
non-specific vulnerability even to minor trauma. Since Ehrmann’s discovery 
the urine of light-sensitive patients has frequently been tested for porphyrins, 
abnormal results being obtained only on rare occasions. There can be little 
doubt, however, that many such patients escaped detection as porphyric — 
subjects, since, as pointed out by Rimington (1952) and confirmed during the 
present investigation, urinary porphyrin levels may remain normal even when 
porphyrins are present in grossly abnormal quantities in the stool ; in such cases 
the ether-soluble porphyrins, coproporphyrin and protoporphyrin, are found 
in the faeces, having heen excreted in the bile. Occasionally, however, increased 
porphyrin concentrations are found in the blood and urine with a corresponding 
reduction in faecal porphyrins. It is noteworthy in this connexion that an ex- 
acerbation of skin lesions in porphyria may be accompanied by marked 
bilirubinaemia, and in many cases by vague abdominal pain and nausea. As 
early as 1903 Suner demonstrated that parenterally administered porphyrins 
appeared in the urine of dogs whose livers had been damaged by phosphorus, 
while the urine of untreated animals remained normal. More recently Hoffbauer, 
Watson, and Schwartz (1953) demonstrated that in normal rats injected 
coproporphyrin III is eliminated entirely via the bile-duct, but that if hepatic 
damage has been induced previously by carbon tetrachloride some of the injected 
coproporphyrin appears in the urine. It appears reasonable to suppose, there- 
fore, that the increased excretion of porphyrins in ‘porphyria cutanea tarda’ is 
usually confined to the stools, unless liver damage, or perhaps some other 
unknown factor, supervenes. That the route of excretion, biliary or renal, may 
also depend upon whether the pigment circulates as porphyrin or in the reduced 
form as porphyrinogen, is suggested by the work of Weatherall (1952) on lead- 
poisoned rabbits and other animals; this matter is more fully discussed by 
Rimington (1957). A reciprocal relationship between the quantities of porphyrins 
excreted in the stool and urine respectively by certain porphyric patients was 
noted first by Gray, Rimington, and Thomson (1948), then by Macgregor, 
Nicholas, and Rimington (1952), Wells and Rimington (1953), and Calvert 
and Rimington (1953). The importance of this reciprocity as a biochemical 
feature of ‘porphyria cutanea tarda’ has been emphasized by Rimington (1952), 
but has been disputed by Watson (1954) and Schmid, Schwartz, and Watson (1954). 

The first well-documented account of an experimental investigation of the 
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relationship between porphyrins and over-sensitivity to sunlight is by Meyer- 
Betz (1913), who injected 200 mg. of haematoporphyrin into his veins, and 
observed that subsequent exposure to sunlight resulted in skin reactions grossly 
in excess of normal but strictly confined to the exposed areas. This over- 
sensitivity to light diminished gradually during the succeeding two months; 
that is, it persisted long after the disappearance from his blood of the injected 
porphyrin. More recently it has become apparent that porphyrins may also be 
formed in the epidermis from certain precursors after ultraviolet irradiation 
(Jarrett, Rimington, and Willoughby, 1956). Furthermore, Pimenta de Mello 
(1951) reported an increase of urinary coproporphyrins in lead-poisoned rabbits 
after exposure to ultraviolet radiation, and Gillman, Gillman, and Brenner 
(1945) observed increased fluorescence in liver biopsy specimens obtained from 
pellagrins who had been exposed to ultraviolet radiation on five consecutive 
days. A combination of hepatic insufficiency and high insolation may be mainly 
responsible for the large number of porphyric patients with cutaneous manifes- 
tations found by Barnes (1955, 1956) among the South African Bantu population ; 
the great majority of these cases did not appear to be familial. Not all porphyrics, 
however, are clinically light-sensitive ; those suffering from ‘acute porphyria’ 
(Waldenstrém, 1937) experience abdominal and nervous symptoms, but have 
no skin lesions. Furthermore, patients suffering undoubtedly from ‘porphyria 
cutanea tarda’ may react subnormally to ultraviolet irradiation (Urbach 
and Bléch, 1934; Wells and Rimington, 1953) but be unduly sensitive to 
the long waves of sunlight. An experimental study of the anomalous be- 
haviour of the skin in ‘porphyria cutanea tarda’ formed part of the present 


investigation. 


Methods 


1. Estimation of porphyrins. (1) Urinary porphyrins. The method was based 
on that of Schwartz, Zieve, and Watson (1951), but ether was used in place of 
ethyl acetate, since separation of the phases is much quicker. We have satisfied 
- ourselves that values are not less than 95 per cent. of those obtained with ethyl 
acetate; porphyrin precursor was transformed to porphyrin by shaking with 
dilute iodine. Fifty ml. of urine are mixed with 5 ml. of acetic acid and 100 ml. 
of ether, and shaken. After separation the aqueous layer is again shaken with 
100 ml. of ether, and the combined ether extract washed twice with 3 per cent. 
sodium acetate, once with 0-005 per cent. iodine solution (freshly prepared by 
diluting 1 ml. of a stock 1 per cent. solution of iodine in ethanol to 200 ml. with 
distilled water), and once with water. Porphyrin is transferred to 5 per cent. HCl 
by shaking with successive small portions until the extracts are no longer fluores- 
cent in ultraviolet light. The acid is made up to a definite volume and filtered ; 
the coproporphyrin content is calculated from measurements of optical density 
(D) at 380 my, 430 my, and the peak of the Soret band (usually 401 my in this 
solvent) with a photoelectric spectrophotometer and the correction formula of 
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Rimington and Sveinsson (1950) with appropriate factors (see With, 1955) ; the 
factors for coproporphyrin in 5 per cent. HCl are, however, as stated below: 


2 D401—(D380+ D430) x 1-7 
1-833 


pg. coproporphyrin per ml. = 


The following figures for normal daily urinary porphyrin excretion are given by 
Zieve, Hill, Schwartz, and Watson (1953): men, 166+.45 wg ; women, 134+. 42 pg. 

(2) Faecal porphyrins. We always relate stool porphyrin-content to a dry- 
weight basis, since marked collections of stools over a period of days are imprac- 
ticable unless the subject be in hospital. Approximately 0-5 g. of a well-mixed 
stool specimen is weighed into a glass-stoppered test tube (15 x 2-5 cm.), and at 
the same time another portion into a weighing bottle, which is then dried to 
constant weight at 105° C. The sample in the test tube is shaken with 1 to 2 ml. 
of acetic acid; about 25 ml. of ether are then added, and the stoppered tube is 
shaken vigorously for some minutes, centrifuged, and the ether layer removed 
into a measuring cylinder. The extraction with acetic acid and ether is repeated 
until no porphyrin fluorescence is detectable in the ether layer under ultraviolet 
light. The volume of the combined ether extracts is recorded, and the whole or 
a portion (depending upon the intensity of the red fluorescence) is shaken in a 
separating funnel twice with 3 per cent. sodium acetate, once with 0-005 per 
cent. iodine solution, and once with water ; coproporphyrin is then extracted by 
shaking repeatedly with 0-1N HCl. After this, protoporphyrin is similarly 
removed by 5 per cent. HCl; any red fluorescence which remains in the ether is 
due to chlorophyll porphyrins. The two acid extracts are examined spectro- 
photometrically at wave lengths of 380 my, 430 my, and the Soret band maxima 
(protoporphyrin about 407 my); calculations are made as described above, 
using appropriate factors. We accept as an upper limit of normal faecal por- 
phyrin excretion 50 ug. per g. dry weight (coproporphyrin 20 yg. and proto- 
porphyrin 30 yg). This figure is in close agreement with Brugsch’s (1952) 
estimate of 0-4 to 0-5 mg. per day on a diet poor in haem derivatives, or up to 1 
mg. on a haem-rich diet, and has recently been confirmed independently by 
Barnes (1956). 

2. Methods of estimating peripheral blood-flow and the cutaneous triple response 
to local histamine. Changes in peripheral blood-flow were estimated in terms of 
skin temperature with the copper-tellurite-copper skin thermometer (Holti, 
1955a). Vasoconstriction was produced by a low room temperature, and reflex 
vasodilation in the hands by immersing the feet and lower legs in hot water at 
45°C. The immediate type of reaction to injury in the skin (Lewis’s triple 
response) was produced by using histamine solutions, as described by Lewis and 
Grant (1924). A small drop of the solution was placed on the arm, and pricked 
into the skin with a sharp sewing needle, without drawing blood. After a few 
seconds the fluid was dabbed away with cotton wool. Histamine acid phosphate 
solutions in isotonic saline, adjusted to pH 7-2, were used in concentrations of 
1/30, 1/300, and 1/3,000 calculated as free base. The extent of flares and weals 
was traced on cleared X-ray plates, and then transferred to graph paper by the 
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method of Squire (1950). Intense dilatation of the minute skin vessels was also 
produced by the local application of a histamine liberator. The substance used 
was tetrahydrofurfuryl nicotinic acid ester (‘trafuril’), applied in a vanishing- 
cream base containing 5 per cent. of the active compound. Strehler (1949) 
described the pharmacological effect of ‘trafuril’ on normal skin. He found that 
application of the cream was followed by the development of marked erythema, 
greatest after about 30 minutes. The erythema was often accompanied by 
wealing, which varied with individual susceptibility. 


Index Case 


Mrs. Sh., a married woman aged 23, came under our observation in November, 
1953. Since then she has been admitted three times to hospital for investigation 
and treatment, and has been seen regularly as an out-patient. 

Clinical history and findings 

Although this patient’s health had always been somewhat delicate, her 
development during childhood and adolescence had been considered normal by 
her mother (a trained nurse) and the family doctors. There had in fact been no 
clear indication that she suffered from ‘porphyria cutanea tarda’ until the 
delivery of her baby in June 1953. Yet, on examining her medical history with 
this diagnosis in mind, it became obvious that symptoms and signs of this 
disease had been present intermittently for a number of years. 

Abdominal symptoms. As long as she can remember, the patient has been 
constipated. Up to the age of 20 she rarely passed more than one motion per 
week. Since then there has been some improvement. When about 15 years old 
she became subject to intermittent attacks of intestinal colic, alternating with 
bouts of abdominal distension. These attacks became increasingly severe, and 
at 19 years of age she was sent to hospital as a case of acute appendicitis. 
There was, however, considerable doubt about the diagnosis, and her condition 
improved rapidly after several enemas. Since that occasion there has not been 
any acute abdominal episode, but frequent and very persistent attacks of 
considerable discomfort have been felt either in the right lumbar region or in 
both hypochondria, often radiating into the back, and not related to meals. 
Prolonged attacks of anorexia and nausea have been prominent clinical features 
since 1953. 

Central and peripheral neuropathy. Since puberty the patient has been subject 
to sporadic attacks of violent throbbing headache, usually accompanied by 
nausea, giddiness, and general malaise. During 1954 and 1956 she experienced 
frequent attacks of severe rotatory vertigo when lying in bed. Attacks of 
postural hypotension were repeatedly observed when the patient’s general 
condition deteriorated. She not only felt very faint and dizzy when sitting up or 
getting on her feet, but her radial pulse became imperceptible for several 
minutes, and it was impossible to record her blood-pressure until she either had 
been sitting up for at least three minutes or had lain down again. Her blood- 
pressure was usually of the order of 100/60. During November 1954 there was 
a sudden subtotal loss of power in the right arm and hand, lasting for nearly 
three weeks, accompanied by a patchy loss of sensation and absence of deep 
reflexes in the affected limb. All these responses returned to normal within six 
weeks. There have been frequent attacks of paraesthesiae in both arms and 
legs, increasing in severity during 1955 and 1956. During some of these attacks 
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a transient increase of reflexes, usually but not always limited to one limb, was 
present. During 1955 and 1956 several attacks of dysphagia, lasting from one 
to five days, occurred concurrently with an increase in urinary porphyrin 
excretion. 

Skin lesions. When 22 years old Mrs. Sh. became pregnant and, although she 
remained normotensive and did not have albuminuria, her headaches and 
dizziness became worse, especially when towards the end of her pregnancy she 
developed a marked microcytic anaemia (haemoglobin 7-6 g. per 100 ml.) which 
did not respond to ferrous sulphate tablets. Two pints of blood were given five 
weeks before delivery in order to correct the anaemia. Within one hour of the 
normal delivery of a healthy female child weighing 5 lb. 14 oz., two clear blisters 
appeared on apparently normal skin on the back of Mrs. Sh.’s right hand. On 
the next day similar painless blisters formed, apparently spontaneously, on the 
back of the left hand. During the following months blisters appeared in small 
numbers on the extensor surfaces of the fingers and the backs of both forearms. 
Only six months later (December 1953) did they diminish in number. Only 
areas habitually exposed to sunlight have been affected, most lesions occurring 
on the hands, forearms, and elbows, and lesser numbers on the dorsa of both 
feet, the face, lips, and neck. The diameter of individual blisters varied between 
2 and 10 mm. They appeared on normal-looking skin, mostly over bony pro- 
minences, and often after minimal trauma (for example, after making beds) ; they 
contained non-fluorescent, clear fluid, and had a smooth red base. In most 
blisters the base broke down, forming a shallow indolent ulcer. Even if kept 
scrupulously clean, the lesions healed very slowly, often only after several weeks 
or even months, leaving white pitted scars, each surrounded by a circular area 
of pigmentation. Figs. 3 and 4 (Plate 1) show the appearance and distribution 
of lesions on the face and hands. The patient complained, also during the first 
six months after her delivery, of diffuse loss of scalp hair; this, however, was 
followed by full recovery during 1954 and 1955. At no time was there any sugges- 
tion of direct sensitivity to sunlight, but only the skin which was habitually 
exposed to the sun was unduly fragile, and blisters were formed more readily 
during sunny seasons. Hypertrichosis has not occurred. Although Mrs. Sh. 
never showed Raynaud’s phenomenon, she often complained about unduly cold 
hands and feet even during warm weather. Fluorescence in Wood’s light of 
skin, oral mucosa, or teeth has not been observed. 

Other relevant points. Since her pregnancy the patient has been consistently 
in indifferent general health, her appetite has become poor, and her weight has 
been 5 to 7 kg. less than before she became pregnant, when her best weight had 
been 56 kg. (height 157 cm.). She has not had any major illnesses, and has never 
been jaundiced. She has always been teetotal. Apart from oral iron, the only 
drugs given during pregnancy were small doses of phenobarbitone daily through- 
out the last trimester, pethidine 100 mg. during labour, and ergometrine 0-5 mg. 
daily for three days after delivery. Undue emotional instability has never been 
a feature. 


Investigations 

1. Examination of urine, faeces, and serum. (1) Urine and faeces. Urinary and 
faecal porphyrins have been identified and estimated quantitatively on many 
occasions at irregular intervals since November 1953. In view of their reciprocal 
excretion, urinary and faecal porphyrins were always estimated for the same 
24-hour period. Table I shows typical results of quantitative porphyrin estima- 
tions obtained during the period of observation. It can be seen that the amounts 
of urinary porphyrins, though often raised, were on several occasions within 
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normal limits, whereas the faecal porphyrins were consistently in excess of the 
normal. The reciprocal relationship of urinary to faecal porphyrins is evident. 
By the Watson-Schwartz test (Watson and Schwartz, 1941) small quantities of 
porphobilinogen were frequently, but not always, found in fresh specimens of 
urine even during clinical remission ; if, however, the urine had been kept over- 
night, its presence could no longer be demonstrated. Pathological amino- 
aciduria has been present sporadically. A generalized increase of all amino- 


I 
Urinary and faecal Porphyrin Excretion 
Urine Stool (u9-/9- dry weight) 
Date Coproporphyrin Protoporphyrin Total Remarks 
175 533 861-6 Slight relapse 


210-9 
205-3 


246-6 

Aug. 26 6-9 7 356 326-1 682-1 
374 

58- 397-7 

Aug. 31 35-3 33- 336-3 520- 856-9 mycin 

8 201-4 

391-2 

160 


142 


acids, with a marked predominance of glutamine and glutamic acid, was shown 
by paper chromatography. As an abnormal intestinal flora may produce an 
excess of faecal porphyrins, porphyrinuria, and clinical light-sensitivity in 
normal subjects (joint observation with J. M. French, unpublished; see also 
Vanotti, 1954), Mrs. Sh. was given aureomycin (1 g. daily for 14 days) but, as 
Table I shows, there was no significant alteration in the faecal porphyrin 
excretion. In order to ascertain the source of the faecal porphyrins, duodenal 
intubation was carried out. The fasting gastric juice showed faint red fluores- 
cence in Wood’s light, but specimens aspirated from the duodenum showed a 
much stronger porphyrin-fluorescence, which was even more conspicuous in 
samples aspirated after injecting 10 ml. of 20 per cent. magnesium sulphate into 
the duodenum. 

(2) Serum. The routine biochemical tests of liver function, while not indicative 
of gross disturbance, produced variable results, sometimes suggestive of mild 
impairment (Table II). The zinc sulphate turbidity and zinc sulphate floccu- 
lation tests gave abnormal results on each occasion. These tests, measuring 
roughly the y-globulin concentration, merely confirm the increased values found 
in the other estimations of y-globulin (particularly of the y, fraction precipitable 
by alcohol at low temperature). The thymol tubidity and thymol flocculation 
tests gave varying results, usually abnormal, during the period of observation. 
The cephalin cholesterol test changed from negative to +++, indicating a 
deterioration since 1953. In addition, immunoelectrophoresis (Gell, 1955) 
showed that the y-globulin was abnormal in the y, region, and was of a pattern 
coming to be regarded as regularly occurring in chronic liver damage (P. G. H. 
Gell, personal communication, 1956). A quantitative increase in y-globulin 


195 
March 322 243 301-2 512-1 Relapse 
Aug. 23 105 141 290-5 495-8 
Aug. 24 26 30 
1957 
Jan. 239 191 227 369 Fairly well 
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(1-5 g./100 ml.) was also demonstrated by paper electrophoresis. The concen- 
trations of coeruloplasmin and siderophilin were normal. The serum frequently 
showed slight porphyrin-fluorescence in Wood’s light during exacerbations of the 
clinical condition. The presence of the L.E. factor could not be demonstrated. 

2. Haematological studies. The haematological findings in the peripheral blood 
were consistently those of a mild microcytic hypochromic anaemia with a slight 


Tasze IT 
Chemical Tests of Liver Function 
Date 
Test 1.12.53 24.8.54 26.10.56 24.1.57 
Serum-albumin (g./100 ml.) 4:3 4:3 4-4 4:2 
Serum-globulin (g./100 ml.) 1-9 2-3 2-0 2-5 
y-globulin* (g./100 ml.) 1-2 1:3 1-2 1-3 
-globulint (g./100 ml.) 1-5 1-7 1-8 1-6 
Fine sulphate turbidity (units) — 5-0 5-0 5-0 
Zine sulphate flocculation ++++ +++ +++ 
Serum free cholesterol 
(mg./100 ml.) 47 110 60 90 
Serum ester cholesterol 
(mg./100 ml.) 143 130 110 148 
Serum alkaline phosphatase 
(Jenner and Kay units/100 ml.) 7-1 9-0 6-4 6-7 
Van den Bergh: 
direct reaction Negative Negative Negative Negative 
indirect reaction Negative Faintly Negative Faintly 
positive positive 
Serum-bilirubin (mg./100 ml.) Less Less 
than 0-5 than 0-5 
Cephalin cholesterol Negative Negative +++ 
Thymol turbidity (units) 4-0 3-0 2-0 4-0 
Thymol flocculation ++++ ++ 
Colloidal gold: 
(Patterson) 2 3 3 2 
(Maclagan) + Negative Negative Trace 


* y-globulin precipitable by 25 per cent. ethyl alcohol at —5° C. 
t y-globulin precipitable by one-third saturation with ammonium sulphate according 
to the method of Jager and Nickerson (1948). 


neutropenia. Mrs. Sh. seemed to require the continuous administration of iron 
and ascorbic acid in order to maintain haemoglobin values above 8 g. per 100 ml. 
An iron-absorption test, carried out several weeks after any oral iron had been 
given, showed a fasting level of 16 ug. per 100 ml. (normal 80 to 180 yg.), with 
a rise to 292 yg. per 100 ml. four hours after ingesting 10 grains of ferrous sulph- 
ate (as ‘fersolate’) and 100 mg. of ascorbic acid. During a fractional test meal 
no free acid was found in the stomach, but after the subcutaneous injection of 
1 mg. of histamine scanty amounts of free HCl could be demonstrated. Red- 
cell fragility was not increased. Sternal marrow puncture was performed, and 
the following findings reported: ‘Marrow smears show a rich cellularity, and 
erythropoiesis is normoblastic. There is not, however, the normoblastic hyper- 
plasia of that degree usually seen in uncomplicated hypochromic anaemia. 
Many of the late normoblasts have little basophil cytoplasm. The leucocyte 
series shows no significant changes, and there are numerous megakaryocytes 
and platelets’. The smears were not fluorescent in Wood’s light. Administration 
of ‘fersolate’, 5 grains thrice daily, together with ascorbic acid (100 mg.), 
produced an initial reticulocyte response of 7-5 per cent., and the haemoglobin 
level rose from 7-6 g. to 13-5 g. per 100 ml. within six weeks. 
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3. Skin biopsies. A fresh vesicle excised from the skin overlying the distal 
end of the right second metacarpal was examined histologically. The keratin 
layer was thicker than is normal for this area. The roof of the vesicle was formed 
by the entire thickness of the epidermis, and there was a strikingly poor inflam- 
matory reaction. The collagen fibres were increased in size, and showed the 
patchy presence of fibrinoid-staining material. The elastic tissue appeared to 


Normal subject Normal subject 
(a woman of 24) (a woman of 46) 


Fie. 1. The impaired skin reaction to —— with histamine in ‘porphyria cutanea 


The weals and flares of two patients _ 4 and No. 7 in Table IV and Fig. 2) 

and of two normal subjects were traced 10 minutes and 20 minutes after pricking 

histamine (1/300) into the skin of the right forearm. At 20 minutes. the flares of 
the two patients had become faint and patchy. 


be less conspicuous than normal. Probably the most significant change was the 
thickening of the walls of all the minute skin vessels in the upper dermis (Plate 
2, Fig. 5) due to the deposition of a substance staining readily with the 
periodic-acid-Schiff reagent, as in the case reported by Wells and Rimington 
(1953). There was also endothelial proliferation in nearly all vessels, almost 
obliterating the lumen of some capillaries. There was perivascular cuffing with 
small round cells. In order to determine whether these structural changes of 
the minute skin vessels were also present in skin not previously exposed to sun- 
light, a biopsy was taken from the lower back. This skin appeared entirely 
normal histologically. 

4. Experimental investigation of peripheral vascular function. Tests were 
carried out in order to examine the functional responses to histamine pricks, 
and to local applications of a histamine liberator, in areas usually exposed and 
in areas not habitually exposed to sunlight. For this purpose histamine solutions 
were pricked into the outer aspect of the forearm and the inner surface of the 
upper arm near the axilla. At the former site histamine, 1/3,000, did not produce 
weals which could be measured, and the skin temperature of the areas had risen 
by only 0-10°C. 10 minutes after the pricks. After a similar period weals 
measuring 20 to 25 sq.mm., and maximum rises in weal temperature from 
0-60° to 0-80° C., were recorded on the upper arm. The comparisons of the weal 
areas, flares, and increases in skin temperature, caused by paired skin pricks 
using the strongest concentration of histamine (1/30) are set out for the two 
areas in Table III. The reactions on the upper arm were probably within the 
lower range of readings found in normal subjects, but those on the forearm were 
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well below the normal range. The difference between the responses in the two 
areas were much too great to be interpreted as a normal site-to-site variation. 
Equal amounts of ‘trafuril’ cream were applied to a skin square (16 sq. cm.) on 
the outer aspect of both forearms and to areas of the same size on the inner 
aspect of the upper arms. The resulting erythema was much less intense on the 
forearms. Skin-temperature measurements recorded increases of only 0-15° to 
0-20° C. in the latter areas, compared with 0-80° to 0-90° C. on the upper arms. 
These tests indicated that vasodilator responses were much diminished in the 
minute vessels of skin habitually exposed to sunlight, where, in addition, there 


was impaired capacity for wealing. 
TaBLe III 
The Diminished Wealing and Vasodilator Responses 
to Paired Pricks with Histamine (1/30) 
Time after histamine 


pricks (minutes) 
Weal Flare Skin Temperature 
A. The vascular responses sizes sizes temperature rise 
of skin normally exposed to (sq.mm.) (sq.mm.) (°C.) (°C.) 
sunlight (outer surface of ———~ 
right forearm) (a2) (6) (6) (a) (6) (a) (6) 
10 34 32 205 135 33:50 33:45 +030 +015 
20 32 25 110 75 3340 33:40 +020 +0-10 
B. The vascular responses 
of skin not normally ex- 
posed to sunlight (inner 
surface of right arm) 
10 48 47 855 750 34-40 34:35 +090 +0-75 
20 59 53 «6795 680 3435 3440 +085 +0-80 


The functional state of the larger arterioles and arteries of the fingers was 
assessed in terms of skin temperature changes during vasoconstriction and 
vasodilation. After peripheral vasoconstriction had been induced, skin-tempera- 
ture readings over the pads of all fingers consistently showed differences between 
individual fingers of up to 1-2° C., and that all fingers of the right hand were 
cooler by 2-5° to 4-1° C. than the corresponding fingers of the left hand. Reflex 
vasodilation was slow and asymmetrical, and the maximum skin temperatures 
recorded at the finger pads were at the lower limit of those observed in indivi- 
duals not suffering from definite obliterative vascular disease. These results 
indicated asymmetrical contractions of arterioles and small arteries, presumably 
also due to a local fault. 

5. Tests for direct sensitivity to ultraviolet and carbon-arc irradiation were 
carried out during December 1953, several months after the patient had last 
exposed herself to strong sunlight, and when there was no obvious tanning of 
any skin area. Five small skin squares, each measuring 2 x 2 cm., were mapped 
on the outer aspect of each forearm (areas previously exposed to sunlight), and 
similar squares were drawn on the patient’s back (skin not previously exposed 
to sunlight). All squares were irradiated, an air-cooled quartz-mercury-vapour 
lamp being used on the squares of the left arm and left side of the back, a1.d a 
powerful carbon-are on the corresponding squares of the right side. Identical 
irradiation from both sources produced a mild erythematous reaction in 
individuals not unduly sensitive to ultraviolet radiation. While the skin on 
Mrs. Sh.’s back responded with a similar erythema within 24 hours of exposure, 
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no visible reaction or rise in okin temperature was observed in any square on 
either forearm. No attempt was made to increase the amount of radiation, lest 
any scarring skin lesions or systemic reactions might be produced. 

6. X-ray studies. Extensive X-ray examinations of the long bones, chest, 
oesophagus, and skull did not reveal any abnormalities. 


Investigation of Relatives 

Efforts were made to obtain contact with the 21 surviving blood relations of 
Mrs. Sh., in order to ascertain whether any of them were porphyric subjects. 
Although the family is widely scattered, all members were approached with the 
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INDEX PATIENT ~ Mrs. Sh. 
Figures indicate cases 
Fia. 2. Family tree, showing the non-sex-linked domi- 
nant inheritance-of ‘porphyria cutanea tarda’. 
consent of their family doctors, and specimens of urine and faeces were provided 
by 14, and of faeces only by four. Their medical histories were searchingly 
reviewed either in personal consultation or by letter, and in some cases with the 
help of medical records. All specimens of urine examined contained only normal 
quantities of porphyrins, but faecal porphyrins in excess of normal values were 
found in nine specimens. A presumptive diagnosis of ‘porphyria cutanea tarda’ 
was made in these nine cases, and their medical attendants were informed. The 
results of the porphyrin estimations, and relevant clinical information, are set 
out in Table IV, which shows that of the 10 subjects with abnormally increased 
faecal porphyrins (Mrs. Sh. and nine of her relatives) only one was light-sensitive, 
six had noticed undue fragility of exposed skin, and three had apparently not 
had any skin lesions; but nine had experienced gastrointestinal or neurological 
symptoms, and all were in indifferent general health. There was no correlation 
between the amounts of excreted porphyrin and the nature or severity of 
symptoms. The family tree mapped out in Fig. 2 shows the incidence of 
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‘porphyria cutanea tarda’ in four generations. Professor Mather, of the Depart- 
ment of Genetics, University of Birmingham, commented that the mode of 
inheritance seemed to be by an ordinary autosomal (that is non-sex-linked) 


IV 
Porphyrin Excretion and Symptomatology of Mrs. Sh.’s Blood Relations 


The reference numbers are the same as in the family tree (Fig. 2) 


Stool porphyrin (ug./g. dry weight) 
Urinary 
Family Age porphyrin Copro- Proto- 
member (years) (ug./D porphyrin porphyrin Total Clinical information 
1 79 58-9 20-4 48-5 Normal 
2 79 140-1 160-9 Subject to ‘bilious attacks’ and 
all her life; skin lesions on the backs of 
both hands until about 20 years ago; 
has always been considered to be rather 
frail 
Specimens not available ee se Two major operations for (7) duodenal 
ulceration 
89-6 124-3 Three major abdominal operations during 
the last 25 years. Died recently of 
carcinoma of caecum 
75-4 Subject to ‘bilious attacks’ and migraine 
101-2 all her life; easily ‘run down’; has been 
sensitive to sunlight since the birth of 
her first child 25 years ago. Pale and 
thin; subject to paraesthesiae in arms 


and 

Recurrent skin lesions on the backs of 
both hands and forearms. Appendicec- 
tomy; a chronically inflamed appendix 
was found. Unrousable for 36 hours 
after taking one barbiturate tablet 

Chronic ill health for as long as she can 
remember. Pale and thin; slight but 
characteristic skin lesions of hands and 
elbows 

Has suffered from extremely fragile skin 
of both hands since puberty; frequent 
short attacks of colicky abdominal 
pains. Repeated barium studies of 
gastrointestinal tract negative 

Died after a number of ‘fits’, aged 18 
months 

Had skin lesions on the left foot 6 years 


ormal 
Nervous and highly strung; very thin; 
suffers from insomnia and headaches; 
took phenobarbitone regularly 
Normal 


Normal 

Normal 
Spent long periods in hospital with re- 

current steatorrhoea 

Normal 

9 Normal 

os 1-2 62 Normal 

No data“were available regarding members 10 and 11 of the family 


dominant gene. A 1: 1 ratio of normal to affected members is then expected in 
the offspring of affected married to normal persons. Among the offspring of the 
first generation every tested member was afected; but among the tested off- 
spring of all affected persons good agreement was found with the expected 1 : 1 
ratio. 


Discussion 
Before discussing ‘porphyria cutanea tarda’ itself it is necessary to mention 
briefly the other types of porphyria. Most workers are agreed that ‘congenital 


: 
6 48 F 1328 168-9 177-7 346-6 
7 4 F127 225-9 290-7 516-6 
8 4 18 234 341 575 
12 30 114-4 265-5 27 2925 
ago; vague ill-health 

13 27 12-4 18-8 31-2 Normal 
Se 14 24 322 210-9 301-2 512-1 Index patient, Mrs. Sh. Ri 
15 15 40 83 9-4 
16 27 91-8 798-4 1,063 1,861-4 | : 
17 20 8-6 247 33-3 

4 18 6 
19 1 4 
at 21 6 
22 3 
23 3/12 
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porphyria’, the ‘porphyria congenita’ of Giinther (1922), is a pathological entity 
recognizable by a continuous excretion in both urine and faeces, from birth or 
very shortly after birth, of large quantities of porphyrins, but not of porphobilin- 
ogen. There is photosensitivity and erythrodontia, but neither abdominal colic 
nor involvement of the nervous system. The bones are brown owing to the 
deposition of uroporphyrins, and numerous fluorocytes are present in the bone- 
marrow. The disease, although rarer than the other porphyrias, is also known 
in animals (Fourie, 1936; Rimington, 1936 ; Fourie and Rimington, 1938 ; Clare 
and Stephens, 1944; Jorgensen and With, 1955; Amoroso, Loosemore, Riming- 
ton, and Tooth, 1957a, 6), and is evidently inherited as a Mendelian recessive 
_ character. The distinguishing features of ‘acute porphyria’ are periodic attacks 
of severe abdominal colic, frequently accompanied by flaccid paralysis, during 
which the urine contains large quantities of porphobilinogen. Porphobilino- 
genuria may persist during clinical remissions. Waldenstrém (1937, 1956) 
showed clearly that this disease is inherited as a Mendelian dominant. There is 
no photosensitivity. In ‘porphyria cutanea tarda’, as the name implies, lesions 
of the skin are usually prominent. It differs from congenital porphyria in the 
following respects: (1) a later onset in life is usual ; (2) there is no erythrodontia 
or pronounced discoloration of the bones; and (3) fluorocytes are not found in 
the bone-marrow, while the liver contains considerable amounts of preformed 
porphyrins (Schmid, Schwartz, and Watson, 1954). Attacks clinically reminis- 
cent of ‘acute porphyria’ may occur, accompanied by the excretion of some 
porphobilinogen, but the quantity of this substance is never as great as in the 
latter disease. We also believe a distinguishing biochemical feature to be the 
continuous excretion via the bile of large amounts of copro- and proto- por- 
phyrins. The faecal porphyrin during clinical remission is thus abnormally high, 
but the observed reciprocity between faecal and urinary levels of porphyrin 
excretion may, during exacerbations, reduce the faecal porphyrins and increase 
their urinary excretion. Quantitative faecal as well as urinary porphyrin deter- 
minations are thus essential to the recognition of this condition. 

It is usually stated that the characteristic cutaneous lesions in ‘porphyria 
cutanea tarda’ are bullae and oedema of the face, hands, and other exposed 
parts, following solar irradiation or trauma or both. In the family here reported 
only one of the 10 porphyric subjects had noticed undue sensitivity to sunlight, 
but the majority had observed that in habitually exposed areas the skin reacted 
abnormally to trauma, tending either to break down very easily or even to rub 
off. Some affected members, showing inconspicuous but characteristic scarring 
of hands and elbows, had thought their skin to be just ‘delicate’. It may be that 
skin lesions are absent or relatively insignificant in persons leading an indoor life, 
but severe in those whose occupation exposes them to much sunlight. The 
difference between the symptoms exhibited by the female and male members 
respectively in the large family described by Dean and Barnes (1955) may 
possibly be explained along these lines. 

Our present investigations have confirmed the histological changes seen 
in the small blood-vessels of the upper dermis in affected areas by Wells and 
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Rimington (1953), and also indicate that these changes probably result from 
exposure of the skin to light, and are not a primary disturbance associated with 
the disease. We have attempted to demonstrate the way in which these vascular 
changes affect function by using the histamine reaction to elicit an accurately 
measurable inflammatory response. Sun-exposed skin reacted abnormally to 
applied histamine, and also to the histamine liberator, ‘trafuril’, in that vaso- 
dilation and wealing were impaired. This abnormality was not found on other 
areas of the body. The observed fragility of the skin appeared to be non-specific. 
It has been shown recently (Holti, 19555) that in normal subjects the after- 
effects of violent skin reactions to histamine, strong ultraviolet irradiation, and 
other types of injury, are of a different nature ; the vessels acquire, in addition 
to diminished wealing, an increased capacity to dilate. The diminished capacity 
of the skin-vessels to dilate in ‘porphyria cutanea tarda’ may, at least partly, 
explain the absence of a normal inflammatory reaction associated with skin 
lesions seen in these patients, the apparent inability to react with a normal 
erythema to ultraviolet irradiation, and the undue vulnerability even to very 
minor trauma. 

There remains the question of the inheritance of ‘porphyria cutanea tarda’. 
Clear evidence that it may be a gene-linked abnormality has been lacking, 
except for the recent report by Tio (1956) of a Dutch family. The reasons for 
this lack of evidence probably include failure to detect affected relatives by 
stool-porphyrin analysis, and the apparent existence of an acquired abnormality 
of porphyrin metabolism having similar clinical features, and liable to occur in 
any individual under the stress of such factors as chronic alcoholism (see Canivet 
and Rimington, 1953) or chronic hepatic insufficiency, combined, perhaps, with 
exposure to intense light (see Barnes, 1956). Only a family study may at times 
allow the differentiation of the latter group from true ‘porphyria cutanea tarda’. 
The present investigation affords clear evidence of the transmission of ‘porphyria 
cutanea tarda’ as a Mendelian dominant through four generations of a single 
family. The large South African family described by Dean and Barnes (1955) is 
difficult to compare with ours, since these authors were emphatic in rejecting any 
distinction between ‘acute porphyria’ and ‘porphyria cutanea tarda’. They did 
not measure faecal porphyrin excretion, and their patients exhibited symptoms 
which Watson would probably regard as suggestive of his ‘mixed’ type; skin 
lesions were much more common in the male and abdominal symptoms in the 
female members. In the course of the present family study nine previously 
unrecognized cases of porphyria were diagnosed because of their abnormally 
increased faecal porphyrins, their urinary porphyrins being within normal 
limits. All the affected family members had at one time or another cutaneous, 
abdominal, or neurological manifestations suggestive of ‘porphyria cutanea 
tarda’. It is clearly desirable to examine urine and stool specimens of all blood 
relations in porphyria, if for no other reason than to protect latent and undiag- 
nosed porphyric subjects from the very real risk of harmful medication and ill- 
advised surgery. 

The relationship of pregnancy to attacks of ‘acute porphyria’ has been 
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discussed frequently (Waldenstrém, 1937; Watson, 1952; Goldberg, 1956; 
Whittaker and Whitehead, 1956; Durst and Krembs, 1956). It seems that 
pregnancy seriously, and probably permanently, aggravated our patient’s 
‘porphyria cutanea tarda’ ; the deterioration may, however, have been due also 
to the phenobarbitone given during the last trimester. 

The present study confirms the view that ‘porphyria cutanea tarda’ carries 
a better prognosis than either ‘congenital porphyria’ or ‘acute porphyria’. It 
also shows that even in this condition abdominal and neurological manifestations 
may be the most prominent features, while the skin may be insignificantly 
affected, or indeed appear quite normal. Although it would be premature to 
suggest a revision in terminology at the present time, the occurrence of ‘por- 
phyria cutanea tarda’ without overt cutaneous manifestations should be more 


widely recognized. 


We wish to record our gratitude to Professor J. R. Squire for his constant 
interest and advice. Grateful thanks for help with special investigations are 
due to Dr. J. D. Blainey (paper chromatography of urinary amino-acids), 
Dr. J. N. Marshall Chalmers (haematology), Dr. P. G. H. Gell (immunoelectro- 
phoresis of serum-proteins), Dr. J. Hardwicke (paper electrophoresis of serum- 
proteins), Dr. F. C. Neale (serum-iron estimations), and Miss B. E. Tooth (help 
with porphyrin estimations); also to Professor K. Mather for his advice on 
genetics, and to Mr. J. Parkes, of the Department of Biochemistry, the Hull 
Royal Infirmary, for his invaluable help in collecting and dispatching large 
numbers of urine and stool specimens. We received the unstinted co-operation 
of the following family doctors: Dr. W. M. Gibson of Westella, Dr. I. D. Innes 
of Hull, Dr. W. M. Robinson of Selby, and Dr. D. Weiner of Coventry. 


Summary 

A family with a high incidence of Waldenstrém’s ‘porphyria cutanea tarda’ 
has been studied, and the investigation of its most severely affected member is 
described in detail. 

This patient has been subject to constipation since early childhood, and has 
had attacks of severe abdominal colic, anorexia, nausea, giddiness, postural 
hypotension, peripheral neuropathy, and headaches. Her general health has 
been much impaired since her only pregnancy, and typical skin lesions appeared 
within one hour of delivery. There has been marked fragility of skin habitually 
exposed to sunlight, but no direct light-sensitivity. 

Serum, urine, and faeces have been examined frequently over a period of 
more than three years. Urinary porphyrins, though often increased, were on 
several occasions within normal limits, whereas the faecal porphyrins were 
consistently in excess of normal, and were not reduced by ingested aureomycin. 
The bile contained a high concentration of porphyrin. Chemical and other tests 
of liver function indicated mild chronic impairment. 
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The patient tended to develop an iron-deficiency anaemia unless iron, to- 
gether with ascorbic acid, was given continuously. The bone-marrow did not 
show the degree of normoblastic hyperplasia usually seen in uncomplicated 
hypochronic anaemia. 

The presence of structural abnormality of the walls of the minute skin vessels 
was confirmed, and found to be limited to areas habitually exposed to sunlight. 

The local application of histamine, and of a histamine liberator, produced 
abnormal responses in exposed skin, where vasodilation and wealing were 
impaired ; this finding may, at least partly, explain the absence of a normal 
inflammatory response and the undue vulnerability even to very minor trauma. 
The local reaction to ultraviolet irradiation was also subnormal in sun-exposed 
skin. 

Urinary and faecal porphyrins were estimated in 15 members of this family, 
and faecal porphyrins only in another four. With one exception, the urine 
specimens examined contained only normal quantities, but faecal porphyrins 
in excess of normal were found in 10 specimens. Of these 10 subjects only one 
was light-sensitive, six had noticed undue fragility of exposed skin, and three 
had apparently not had any skin lesions, but nine had had gastrointestinal or 
neurological symptoms, and all were in indifferent general health. 

The diagnostic features of ‘porphyria cutanea tarda’ and its relation to other 
inborn, and the acquired, disorders of porphyrin metabolism are discussed. 

Modifications of current methods of estimating urinary and faecal porphyrins 
are described. 
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Fig. 5. Section from a biopsy specimen of a traumatic blister on 

the back of Mrs. Sh.’s left hand. The thickening and dark staining 

of the vessel walls with periodic-acid-Schiff stain in the papillae and 
subpapillary corium is evident (x 116) 
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GASTRIC MUCOSAL LESIONS BEFORE AND AFTER 
TREATMENT IN IRON DEFICIENCY ANAEMIA? 


By FRED LEES anp F. D. ROSENTHAL 
(From The Royal Infirmary, Sheffield) 


With Plates 3 and 4 


MoucosaL abnormalities in the stomach have long been recognized in iron- 
deficiency anaemia (Faber, 1927). Since the introduction of suction gastric 
biopsy it has been shown that gastric mucosal abnormalities are to be expected 
in such cases. Joske, Finckh, and Wood (1955) recorded 11 gastric biopsies in 
patients with hypochromic microcytic anaemia ; six showed atrophic gastritis, 
three superficial gastritis, and two normal mucosa. Coghill and Williams (1955) 
found that eight of their 15 patients with iron-deficiency anaemia had an 
abnormal mucosa; two of these showed chronic superficial gastritis, and four 
atrophic gastritis. Davidson and Markson (1955) concluded from 41 biopsies 
that the changes typical of superficial gastritis, atrophic gastritis, or gastric 
atrophy were much more common than in control subjects. Fifty per cent. of 
their patients with iron-deficiency anaemia, but without achlorhydria, had an 
abnormal mucosa, compared with 18 per cent. of their control subjects. A 
further biopsy was obtained in five patients by Davidson and Markson after the 
haemoglobin had been restored to normal, but no improvement was found. 
Secretion of free HCl appeared after correction of the anaemia in two patients 
with superficial gastritis and achlorhydria. They considered that the anaemia 
was the cause of the gastric mucosal changes. In this opinion they differed from 
Oliver and Wilkinson (1933) and Hartfall and Witts (1933), who thought that 
the gastric changes preceded the anaemia. The latter view was strikingly suppor- 
ted by Meulengracht (1932), who demonstrated that in 18 cases of iron deficiency 
the achlorhydria preceded the anaemia by up to 20 years. Our study is intended 
to give information regarding the changes of the gastric mucosa in iron deficiency 
about one year after the correction of the anaemia, in an attempt to investigate 
the aetiological relationship of the gastric lesion and the anaemia. 


Patients Investigated and Method 
Twenty-one consecutive patients who had iron-deficiency anaemia without 
gastrointestinal bleeding or ulceration were investigated. Diagnosis was 
confirmed by correction of the anaemia with iron therapy alone. Specimens of 
the gastric mucosa were obtained by the suction biopsy tube (Wood, Doig, 


1 Received March 2, 1957. 
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Motteram, and Hughes, 1949) before any treatment was given. Approximately 
one year later a further gastric mucosal specimen was obtained in 19 of these 
patients. In one case it was not possible to obtain the second specimen, and in 
another biopsy was not attempted because the anaemia had relapsed. Whenever 
possible a qualitative histamine test meal was performed at the time of the 
biopsy. The clinical details are shown in Table I, the patients being shown in 
order of increasing age. All the patients were women. 


Histological Appearances 

Immediately after removal the biopsy specimen was placed in a mixture of 
20 per cent. formalin and 20 per cent. saturated mercuric chloride solution in 
normal saline. Sections were subsequently made and stained with haematoxylin 
and eosin. Unsatisfactory specimens were discarded. The histological appear- 
ances are analysed in Table II. It is impossible to make accurate histological 
comparisons by the use of general diagnostic labels such as superficial gastritis 
or atrophic gastritis. We have therefore recorded each feature of the sections 
separately ; in addition, a descriptive term for the first specimen has been added. 
It has been considered that surface disease was present when the superficial cell 
layer has been irregular and the foveolar regions of the glands have been widened 
and irregular. Infiltration of the substantia propria has been divided into super- 
ficial and deep. Slight infiltration with lymphocytes, plasma cells, and occasional 
polymorph leucocytes was considered to be normal. Pathological degrees of 
infiltration were classified as mild, moderate, or severe. Lymphocyte aggre- 
gations or follicles were separately recorded. Atrophy was assessed partly by 
the thickness of the mucosa, but mainly by the concentration of well-defined 
chief and parietal cells. Allowance was made for haemorrhage, shrinkage, or 
oedema where they occurred. The degree of atrophy has been divided into four 
grades; slight, moderate, severe, and complete. Intestinal metaplasia was 
recognized by the presence of goblet cells. Fat infiltration (F) and marked 
replacement of normal by pseudopyloric glands (P) have been separately 
recorded. Specimens in which fibrous tissue was suspected were stained with 
van Gieson’s stain ; no evidence of fibrosis was found, but there was an apparent 
hypertrophy of the muscularis mucosae. In order to exclude local variations of 
mucosal disease two biopsy specimens were obtained from many patients on 
both occasions, but no significant differences were found. Plates 3 and 4 show 
representative examples of the histological appearances. 


Results (summary in Table ITI) 


First biopsy 

It will be seen in Table II that only two of the 19 first specimens were quite 
normal. Of the remainder, superficial infiltration was mild in eight, moderate 
in eight, and severe in one, and deep infiltration mild in nine and moderate in 
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six cases. In eight of the first biopsies atrophy was absent ; it was slight in three, 
moderate in three, severe in three, and complete in two. 

Anaemia and infiltration. There was no relationship between the degree of 
superficial or deep infiltration and the severity of the anaemia before treatment. 

Anaemia and atrophy. There was no real correlation between the degree of 
anaemia and atrophy, but there was a tendency for the milder degrees of anaemia 
to be associated with normal gland concentration. In one of the least anaemic 
patients, however, complete atrophy was found, and one of the most anaemic 
patients showed no atrophy. 

Age and histology. On the whole the degree of infiltration and atrophy tended 
to be more severe in the older patients, but there was no absolute correlation. 

Acid secretion and histology. Histamine test meals were carried out in 14 
patients at the time of the first biopsy. Five had free acid ; four of these had no 
atrophy, and one slight atrophy. Of the remaining nine patients with no free 
acid, atrophy was slight in one, moderate in three, severe in three, and complete 
in two. 

Epithelial lesions elsewhere and histology. Seven patients had tongue changes, 
koilonychia, cheilosis, or dysphagia. These changes were most severe in‘ Cases 
4, 6, and 7. Two of these seven patients (Cases 4 and 7) had normal gastric 
glands. In Case 7 there was no appreciable infiltration. Two (Cases 17 and 18) 
had moderate and slight gastric atrophy, and two (Cases 11 and 16) complete 
atrophy. There appeared to be no relationship between the gastric lesions and 
systemic signs of iron deficiency. 


Second biopsy 

Histological changes after correction of the anaemia. The changes in the histo- 
logical appearances are shown in Tables II and III. In 12 cases there was no 
change in the amount of infiltration, in six it was greater, and in one it was less. 
The degree of atrophy was unchanged in 12 cases, increased in six, and decreased 
in one. Two patients (Cases 12 and 15), who had no atrophy in the first specimen, 
had slight or moderate atrophy in the second. Of the six cases which showed 
an increased amount of infiltration, the degree of atrophy was unchanged in 
three, increased in two, and decreased in one. Of the six cases in which the 
degree of atrophy was increased, the amount of infiltration was unchanged in 
three, greater in two, and less in one. Ignoring changes in surface disease and 
in lymphocyte aggregations, the overall results showed that the histological 
appearances in nine cases were unchanged, and in eight cases worse. In Case 
8 the degree of atrophy was less, but the infiltration had increased, while in 
Case 12 an increase in atrophy was accompanied by a decrease in infiltration. 
Our conclusion from these results was that correction of the anaemia did not lead 
to improvement in the gastric mucosal appearances. In nearly half the cases 
the lesiong were more severe, and it appears that progression of the gastric 
lesions is not arrested by iron therapy with correction of the anaemia. 

Acid secretion and histology. Histamine test meals were performed in 13 cases 
at the time of the second biopsy. Four patients had free acid ; three of these had 
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no atrophy, and one slight atrophy. Of the nine patients without free acid, 
atrophy was slight in two, moderate in three, severe in one, and complete in 
three. Ten patients had histamine test meals at the time of both biopsies. No 
change in acid secretion was recorded in eight patients, of whom only one had 


III 
Summary of Results 


Interval 
between Change 
biopsies Haemoglobin Gastric — 
(months) (g./100 ml.) acid Y Infiltration Atrophy 
10 i. 11-0 Nil 
ii. 13-5 + 
10 i. 11-5 va i Nil 
ii. 15-6 
12 i. ; i i Nil 


12 i. Nil 
12 i, Ni Nil 


+ 


free acid. Two (Cases 12 and 14) had free acid in the first test meal but not in 
the second, and this change was accompanied by a marked increase in atrophy 
in both cases. 

Epithelial lesions elsewhere and histology. Where epithelial changes attribut- 
able to iron deficiency were present, they were improved after iron therapy. The 
gastric mucosal appearances showed no corresponding improvement, and in 
Case 6 they deteriorated. 


Case 
number 
2 
| 
ae 6 1l i, 8-7 ~ Nil Nil Increased 
7 ll i. 6-7 + Nil Nil 
ii. 13-8 
a 8 12 i. 8-1 _ Nil Increased Decreased 
ii. 13-2 
9 3 i. 8-0 ee Nil Increased 
ii. 15-7 es 
10 12 i, 87 Nil Nil 
ii. 12-0 
e ll 10 i. 6-0 Nil Nil Nil 
ii, 13-5 
7 : 12 12 i. 10-0 Decreased Decreased Increased 
ii. 15-4 
13 10 i. 93 ied Nil Nil 
ii, 15-4 
Be 14 10 i. 9-2 Decreased Increased Increased 
ii. 15-9 
od 15 ll i, 7:5 Nil Increased 
Se 16 10 i. 11-6 _ Nil Increased Nil 
ii. 12-6 
. 17 10 i, 6-7 _ Nil Nil Nil 

ii. 17-7 ~ 
‘aoe 18 10 i. 10-5 — Nil Increased Nil 
ii. 15-7 ~ 
19 ll i. 77 Increased Increased 
ii. 14-1 
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In order to compare the histological findings before treatment with those of 
other authors, we have used their nomenclature to classify these findings (Table 
II). Two biopsies showed a normal mucosa, two showed mild gastritis, three 
moderate gastritis, and one severe gastritis. Moderate atrophic gastritis was 
present in six cases, severe atrophic gastritis in three, and gastric atrophy in 
two. These results are similar to those obtained by Joske, Finckh, and Wood 
(1955) and by Davidson and Markson (1955), but, unlike the latter authors, 
we found no evidence of fibrosis in our specimens. They confirm the frequency 
of some degree of gastric atrophy in iron-deficiency anaemia. The incidence of 
nine cases of histamine-fast achlorhydria among 17 cases tested is nearly the 
same as the 48 per cent. obtained by Davidson and Markson. These results 
show that our series is comparable with those of other workers. 

The relationship of the gastric lesion to the iron deficiency is debatable, and 
has been subject to much discussion. The possibilities to be considered are: 

1. That the gastric lesion and the iron deficiency are purely coincidental. 

2. That the gastric lesion follows and is caused by the iron deficiency. 

3. That the gastric lesion precedes and is the cause of the iron deficiency. 

The first contention may be thought to be supported by the fact that some non- 
anaemic patients have achlorhydria unresponsive to histamine, and Brummer 
(1950) has shown a lack of correlation in the general population between haemo- 
globin readings and gastric acidity. Against this view is the observation that 
gastric lesions and achlorhydria are much more frequent in iron-deficiency 
anaemia than in control series (Witts, 1930; Hartfall and Witts, 1933). Alvarez 
and Vanzant (1936) found that in diseased states persons with a low haemo- 
globin level tended to have a low gastric acidity, and were of the opinion that 
the anaemia depressed gastric secretion. It would follow that the gastric lesions 
in iron deficiency might be due to the anaemic state. In this case it would be 
expected that the gastric lesions, especially the infiltration, would regress after 
correction of the anaemia. We have found that in our patients there was some 
tendency for the lesions to progress over a period of one year, in spite of correc- 
tion of the iron deficiency. There was no reduction in infiltration. In the cases 
in which epithelial lesions improved on iron therapy there was no corresponding 
change in the gastric mucosa. In not a single case did acid reappear, but in two 
cases achlorhydria developed after treatment. A further point against the view 
that the anaemia causes the gastric mucosal changes is furnished by Meulen- 
gracht’s (1932) cases, in which achlorhydria preceded the anaemia by many 
years. We therefore conclude that the gastric lesions precede the anaemia, and 
that they are in some way concerned in the aetiology of iron deficiency. We 
have shown that the gastric infiltration and atrophy do not improve with iron 
therapy, but the cause of these abnormalities remains obscure. Our work throws 
no light on the mechanism by which the gastric mucosa or secretions influence 
the absorption of iron. 


We wish to thank Dr. H. P. Brody for kind permission to study his patients, 
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and for his help and encouragement. Our thanks are also due to Professor D. H. 
Collins for facilities in the Department of Pathology, to Dr. O. G. Dodge for his 
histological reports, and to Mr. A. C. Welsford for the excellent preparation of 
the biopsy specimens. Sister C. Smithurst gave valuable assistance with the 
gastric biopsies. 


Summary 


Twenty-one patients with iron-deficiency anaemia, without evidence of peptic 
ulceration or gastrointestinal bleeding, were investigated. In 19 patients biopsy 
specimens of gastric mucosa, obtained before treatment and one year after 
correction of the anaemia with iron alone, were compared. Our results show 
that the gastric mucosal lesions of infiltration and atrophy do not improve, and 
may actually progress. Tests of acid secretion showed a similar lack of improve- 
ment. Epithelial lesions due to iron deficiency improved. We believe that the 
gastric mucosal lesions are not due to iron deficiency, but that such gastric 
abnormalities precede and favour the development of iron deficiency. 
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Fic. 1. Case 7 (ii), Normal mucosa 
(very slight superficial and no deep 
infiltration) ; no atrophy 

(x 85) 


Fig. 2. Case 3 (ii). Mild superficial and 
very slight (normal) deep infiltration ; 
no atrophy 

(x 85) 


Fig. 3. Case 12 (i). Severe superficial 
and moderate deep infiltration; no 


atrophy 
(x 85) 
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Fic. 4. Case 16 (i). Mild superficial and 
deep infiltration, gastric atrophy, and 
intestinal metaplasia. One lymphocyte 
aggregation is seen 

(x 85) 


Fig. 5. Case 16 (ii). Moderate super- 
ficial and deep infiltration; gastric 
atrophy with intestinal metaplasia and 
fat infiltration. One lymphocyte aggre- 
gation is seen 

(x 85) 
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THE TREATMENT OF POLYCYTHAEMIA RUBRA VERA 
WITH SINGLE DOSES OF RADIOACTIVE PHOSPHORUS! 


By DAVID VEREL? 
(From the Medical Unit, The London Hospital) 


Tue treatment of polycythaemia vera with radioactive phosphorus, introduced 
by Lawrence in 1940, is accepted as the most effective at present available 
(Witts, 1956; Harman, Hart, and Ledlie, 1955; Abbatt, Chaplin, Darte, and 
Pitney, 1954; Lawrence, Berlin, and Huff, 1953 ; Scott, 1953; Wiseman, Rohn, 
Bouroncle, and Myers, 1951; Reinhard, Moore, Bierbaum, and Moore, 1946; 
Tinney, Hall, and Giffin, 1943 ; Erf and Jones, 1943). The details of the régimes 
adopted differ considerably. Lawrence (1955) advised monthly administration 
of radioactive phosphorus in small doses until the desired effect is produced. 
Others (Witts, 1956; Reinhard, Moore, Bierbaum, and Moore, 1946) have 
preferred to observe the response to an initial dose for three months, and then 
to give a second dose, the size of which is determined by the initial response. 
Large single injections have been used by Abbatt, Chaplin, Darte, and Pitney 
(1954) and by Harman, Hart, and Ledlie (1955) but these authors did not 
record their method of assessing dosage. The place of venesection is also un- 
certain. Scott (1953) and Witts (1956) recommended that the haematocrit 
level should be reduced to normal before the administration of phosphorus-32. 
Reinhard, Moore, Bierbaum, and Moore (1946) suggested venesection if the 
red-cell count were high after the injection of phosphorus-32, while Abbatt, 
Chaplin, Darte, and Pitney (1954) did not perform venesections. A single-dose 
technique is clearly desirable, since it should produce the maximum therapeutic 
effect earlier than a régime of repeated small injections. The duration of expo- 
sure to radiation from the phosphorus-32 is thus kept as short as possible, and 
there is the least use of hospital beds for therapy. Before such a régime can be 
adopted with confidence, however, it is necessary to have a reliable method of 
assessing the dose of phosphorus-32 to be administered. The present paper 
reports the results obtained with radioactive phosphorus at the London Hospi- 
tal. A single-dose régime has been evolved in which the quantity of phosphorus- 
32 administered is related to the red-cell volume. It has proved possible to assess 
the dose usually needed to produce an optimum response. The duration of the 
remission which ensues has been found to be related to the severity and duration 
of the polycythaemia. 


1 Received April 11, 1957. 
* Present address: Department of Medicine, The Royal Hospital, Sheffield. 
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DAVID VEREL 
Clinical Data 

Thirty-seven patients suffering from polycythaemia vera have been studied. 
In 17 patients the only treatment has been phosphorus-32; in the remainder 
previous therapy by venesection, X-irradiation, or phenylhydrazine had been 
given. One patient has died of aplastic anaemia, and there has been one episode 
of cerebral thrombosis in a patient who defaulted. The present account is 
restricted to 18 patients who have been under treatment for more than 18 
months, and in whom serial blood-volume measurements have been made. The 
clinical data are summarized in an Appendix. The methods used for measuring 
blood volume have been described elsewhere (Hicks, Hope, Turnbull, and Verel, 
1956). In all measurements of haemoglobin 100 per cent. has been taken as 
equivalent to 14-8 g. per 100 ml. 


Administration of Radioactive Phosphorus 

Metabolism of phosphorus-32. Radioactive phosphorus for therapeutic use is 
given by intravenous injection as buffered isotonic phosphate. The natural 
decay of the isotope to sulphur has a half-life of 14-3 days, but after injection 
into the circulation the phosphorus-32 enters into the metabolism of the body 
phosphate, with the result that about half is excreted in the urine in six days. 
Much of the remainder becomes fixed in bone, and is thereafter only slowly 
released (Scott and Lawrence, 1941). Phosphate is retained by the red cells in 
higher concentration than in the plasma, and actively dividing cells also accu- 
mulate the salt. The low-energy radiation from the phosphorus-32 therefore 
tends to be concentrated in the marrow. 

The effect of a therapeutic dose of radioactive phosphorus is shown in Fig. 1. 
The patient was a man aged 46, whose normal blood volume was 6,300 ml., 
red-cell volume 2,500 ml., and plasma volume 3,800 ml. When first seen his 
total blood volume was 8,610 ml., about 150 per cent. of normal, while the red- 
cell volume was 5,840 ml. or 230 per cent. of normal. At this time the activity 
of erythropoiesis was reflected in the low plasma-iron level of 60 yg. per 100 ml. 
(Bothwell and Mallett, 1955; Huff, Hennessy, Austin, Garcia, Roberts, and 
Lawrence, 1950). After injection of phosphorus-32 the red-cell volume fell 
steadily, reaching 1,840 ml., the lowest value measured, after 115 days. This 
fall was accompanied by a rise in plasma volume. Thereafter the red-cell 
volume rose, to reach normal limits about seven months after treatment. A 
relapse occurred after about 18 months. While the red-cell volume was falling 
the serum-iron level rose above normal limits, and the increase in available 
iron was reflected in a slight but consistent rise in the mean corpuscular haemo- 
globin concentration. The plasma-iron concentration fell to normal limits when 
the production of new cells recovered sufficiently to arrest the fall in red-cell 
volume. 

The response may differ somewhat in other patients. Commonly a greater 
rise in plasma volume accompanies the fall in red-cell volume, although the 
total volume will fall if it is above normal, the rise in plasma volume being less 
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than the fall in red-cell volume. In mild cases with a haematocrit level beiow 
55 per cent. the total blood volume is usually normal, the plasma volume being 
diminished (Gibson, Harris, and Swigert, 1939). When the red-cell volume is 
reduced by treatment in such patients, the total blood volume is usually kept 
remarkably constant by an exactly compensating rise in plasma volume (Verel, 
1954a). 
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Fic. 1. The effect of the therapeutic administration of 7 mc. p rus-32 to a patient 
with polycythaemia vera. The red-cell volume;is indicated by the b rectangle, plasma 
volume by the unshaded rectangle. 

A marked diminution in mean corpuscular haemoglobin concentration is 
occasionally found. In such patients the haemoglobin level may be normal, or 
even low, in the presence of considerable polycythaemia and a raised red-cell 
count. Treatment with phosphorus-32 is followed by a rise in mean corpuscular 
haemoglobin concentration to normal. In these circumstances little change in 
the haemoglobin level may accompany the fall in the red-cell count after 
therapy. The poor correlation between the clinical and laboratory findings 
(Verel, 1954a) is largely explained by the changes in blood volume and mean 
corpuscular haemoglobin concentration, which mask the extent of the polycy- 
thaemia. 


Method of Assessing Dosage 
Consideration of the physiology of red-cell production in polycythaemia vera 
suggested that the therapeutic dose of phosphorus-32 might reasonably be 
related to the red-cell volume. In a normal subject the production of new red 
cells exactly balances the destruction of old ones, so that the total red-cell 
volume remains constant (Chaplin, 1954). The volume maintained depends on 
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the rate of production and the life-span of the red cell. For example, suppose 
a normal subject produces 20 ml. of red cells daily. Since the cells survive for 
an average of 110 days, the red-cell volume will be 20 x 110 or 2,200 ml. Should 
this person develop polycythaemia vera, the rate of red-cell production will 
rise, and the red-cell volume will increase. The life-span of the red cells in 
polycythaemia is normal (Merskey, 1949; London, Shemin, West, and Ritten- 
berg, 1949; Elwood and de Wardener, 1951), and the red-cell volume is there- 
fore still a reliable index of the rate of red-cell production, provided that a 
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Fic. 2. The course of two patients treated by phosphorus-32 illustrating a long remission 
after 7 mc. (Case 8) and repeated relapses (Case 9). Blood volume is shown by rectangles 
as in Fig. 1, the venous haematocrit level by dots, and red-cell count by circles. 


stable state has been reached in which destruction balances production. Thus, 
if in the case considered the rate of production rose to 30 ml. per day, the red-cell 
volume would increase to about 3,300 ml. and it is evident that the increase in 
red-cell volume above normal would provide a measure of the increased activity 
of erythropoiesis. It should be noted, however, that if the rate of red-cell 
production vere rising at the time of red-cell volume measurement, the activity 
of the marrow would be underestimated by this technique. In planning the 
trial to be described, in which phosphorus-32 dosage was related to the increase 
in the red-cell volume above normal, it was assumed that any changes in the 
rate of erythropoiesis in polycythaemia would be so slow that this effect would 
not matter. It will be shown that while this is generally true, some striking 
exceptions were encountered. 

In order to gauge the increase in erythropoiesis in any case of polycythaemia 
in this way, it is necessary to compare the red-cell volume, determined by 
measurement, with the normal value for the patient obtained by prediction from 
body measurement. For the first few years of this trial a normal value of 30 ml. 
of red cells per kg. of body-weight was assumed (Reeve and Veall, 1949), although 
it was realized that in many subjects this was likely to result in an overestimate 
of the normal volume, especially in obese women (Gibson and Evans, 1937; 
Lammerant and de Schrevel, 1955; Huff and Feller, 1956). This error would 
lead to an underestimate of the dose needed for therapy. For the past two 
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years prediction has been based upon measurements of height, weight, fat 
thickness, and girth, and is less subject to errors due to differences in build 
(Hicks, Hope, Turnbull, and Verel, 1956). 


Results of Treatment 


Patients may respond to treatment with phosphorus-32 in one of three ways. 
Normal values may be restored for long periods by a single therapeutic injection 
(Fig. 2, Case 8); repeated relapses occur although the red-cell volume is tem- 
porarily restored to normal (Fig. 2, Case 9); or treatment is ineffective despite 


525 (mC) 
BLOOD VOLUME 


WHITE CELL 
COUNT 20 


(thousands/cu. mm.) 


Fic. 3. The course in a resistant patient. The dose of phosphorus-32 is shown in the 
upper part of the figure, blood volume as rectangles, and haematocrit as dots. 


apparently adequate or large doses (Fig. 3, Case 15). These differences in the 
duration of the response, and the difficulty commonly found in dating the 
beginning of a relapse, complicate the evaluation of the results. The interval 
between therapeutic injections has been taken as the most satisfactory measure 
of the response in the description that follows. The patients who responded to 
treatment are first considered. 

Patients responding satisfactorily to an adequate dose of phosphorus-32. The 
data in patients who responded satisfactorily, with a return to normal blood 
volume, are shown in Table I. The cases have been arranged roughly in order 
of activity as judged from the red-cell volume. In the first four patients the 
disease was only mildly active, and normal blood volume was restored by 5 or 
6 mc. of phosphorus-32, with relief of symptoms and regression of splenomegaly. 
In Case 3 the indication for treatment has been a worsening of the acne rosacea 
rather than the polycythaemia. In the next three patients (Cases 5, 6, and 7) 
an initial dose of 5 mc. proved ineffective, and a satisfactory response was 
obtained to 7 mo. The red-cell volume in these patients was about 200 per 
cent., and as a result of this experience a dose of 7 mc. was tried, with satis- 
factory results, in the next nine patients, who suffered from a similar degree of 
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polycythaemia. Effective treatment caused regression of the spleen, and re- 
stored the white-cell count to normal in those patients in whom it had been 
elevated. 


Patients who have not responded to phosphorus-32, The uniformly good response 
of the preceding patients to an adequate single dose of radioactive phosphorus 


TABLeE I 


Patients Responding to Phosphorus-32 
Red-cell Duration Duration 
Case volume Haematocrit Dose of response of plethora 
number (°% of normal) level (%) (mc.) Response (years) (years) 
1 120 61-7 ‘Many’ 
2 140 61-8 4-- ‘Many’ 
3 140 67-0 18/12 ‘Several’ 
15/12 
4 140 50-9 16/12 15+ 
160 59-8 1 
160 60-2 
160 
‘Many’ 


280 
260 
200 
200 
180 
200 
220 
200 
240 


E indicates relief of symptoms with return of red-cell volume to normal. 
P indicates little symptomatic relief and no significant change in blood findings. 
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is in marked contrast to the results obtained in the four patients shown in Table 
II. In these subjects the amount of radioactive phosphorus administered was 
adequate when related to the red-cell volume, and their resistance to treatment 
must lie elsewhere. A detailed study has been made in one patient (Fig. 3, 
Case 15). The resistance to therapy was not due to a rapid rate of excretion of 
the injected radioactive phosphate, for this was measured and was found to be 
normal on three occasions. When 7 mo. of phosphorus-32 produced little 
response, 10 mo. were given, and symptomatic relief lasted for about two 
months. Little change in red-cell volume was found when it was measured at 
the end of this time. A further trial of 7 mc. produced no effect, and confirmed 
the normal rate of excretion of radioactive phosphate. An injection of 15 mc. 
was then given. Symptomatic relief after this injection has continued for 11 
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months. The spleen, previously felt at four fingers’ breadth below the costal 
margin, has become impalpable, but the effect in the red-cell volume, although 
definite, lasted only a few months. The next patient (Case 16) responded poorly 
to 5 mo. of phosphorus-32, but has responded to 8 mc. No change in red-cell 
volume or white-cell count has followed apparently adequate therapy in Case 
17. The response in Case 18 is difficult to assess (Fig. 4). Before treatment her 
red-cell volume was double the normal, but the venous haematocrit level only 
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Patients Resistant to Phosphorus-32 
Red-cell 
volume 
Case (% of Haematocrit Dose 
number normal) level (%) (mc.) Response 
15 200 58-2 
200 
220 
220 
220 
250 


220 
240 
17 220 
220 


5/12 


is 200 


53-2 
E indicates relief of symptoms with return of red-cell volume to normal. 

F indicates symptomatic relief with little change in blood volume. 

P indicates little symptomatic relief and no significant change in blood findings. 


54-4 per cent. The high red-cell volume was probably due to the red cells 
concentrated in the very large spleen (Verel, 1954); Rothschild, Bauman, 
Yalow, and Berson, 1953-4). The recent fall in haematocrit level did not 
coincide with the administration of phosphorus-32. This fact and the rising 
white-cell count suggest that the changes are not related to the therapy, but are 
part of the natural history of an unusual disease in which an episode of poly- 
cythaemia may occur (Vaughan and Harrison, 1939; Robson, 1953; Korst, 
Clatanoff, and Schilling, 1956; Lawrence, Berlin, and Huff, 1953). 


Di 

The results which have been described show that in the majority of patients 
with polycythaemia vera the red-cell volume provides a satisfactory index for 
phosphorus-32 therapy. Good results can be expected from 5 mo. of phosphorus- 
32 in most patients in whom the red-cell volume is about 150 per cent. of nor- 
mal, and from 7 mc. in those in whom it is 200 per cent. or higher. The data in 
those patients in whom relapses have occurred confirm the observation of 
Abbatt, Chaplin, Darte, and Pitney (1954) that the relation between the venous 
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Fic. 4. The course in a resistant case. The dose of phosphorus-32 is shown in the upper 
part of the figure, blood volume as rectangles, and haematocrit as dots. 
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Fic. 5. Comparison between red-cell volume and venous haematocrit level in patients 

treated only with phosphorus-32. Dots show the values before treatment, circles those 

after treatment. The line shows the relation which should exist if the total blood volume 

remained constant. In most subjects red-cell volume is 200 per cent. or more when the 
venous haematocrit level exceeds 65 per cent. 


34 
| 5 7 HAEMATOCRIT 
100 
ee 
1 
; 
| 
4 
: 
ay. . 
70 
le ¢ 
60 e 
| ° 
He 
: | ° 
oe 
° ° 
23 OL 
| 
4 
: 
: 


TREATMENT OF POLYCYTHAEMIA VERA 35 


haematocrit level and the red-cell volume is inconstant. Thus in Case 9 a haema- 
tocrit level of 68-6 per cent. was found with a red-cell volume of 280 per cent. 
on one occasion, and a haematocrit level of 69-7 per cent. with a volume of 
200 per cent. on another. With the simple scheme of dosage used, however, the 
venous haematocrit level provides a sufficiently reliable guide to dosage in most 
patients (Fig. 5). 

The duration of the response to effective therapy varies considerably. In seven 
patients the red-cell volume has remained normal for from 18 months to over 
four years. In one patient (Case 13) the rising haematocrit level and red-cell 
volume indicate an early relapse. Eight patients have needed further treatment 
after intervals ranging from 10 to 27 months, and one patient (Case 10) has 
received an effective dose of phosphorus-32 on four occasions at about annual 
intervals. In nine patients (Cases 6 to 14) who received 7 mc. of phosphorus-32 
the duration of the response is not related to the size of the initial red-cell 
volume. Further consideration, however, reveals that the length of the re- 
mission is related to the duration of the polycythaemia. In most patients an 
account of the onset of heightened facial colour was obtained (Table I). It is 
evident that a short history of polycythaemia was found in those patients who 
relapsed soon after treatment, and a long remission in those in whom the disease 
had been present for many years before they sought medical advice. In round 
figures, where polycythaemia had more than doubled the red-cell volume in one 
year, a relapse occurred in less than eight months; when a similar degree of 
plethora was produced in two years, the response lasted one year to 18 months ; 
and in patients with many years of polycythaemia a longer effect was observed. 
This difference presumably reflects the activity of the polycythaemic process, 
and is well illustrated by the two patients whose progress is shown in Fig. 2. 
Both were men, and happened to be of similar age and weight. They pre- 
sented a similar elevation of blood volume. One (Case 8) had been red-faced 
for about five years, the other (Case 9) for one year. Both were treated else- 
where by removal of five pints of blood before being referred for phosphorus-32 
therapy. In Case 9 the effect of the venesection was transient, and after six 
weeks the haemoglobin had returned to its original high level (blood-volume 
studies before venesection were not available). In Case 8 a similar venesection 
produced a more lasting effect. This difference in response to the removal of 
the same quantity of blood strongly suggested that the polycythaemic process 
was more active in the patient with the shorter history, as might be supposed, 
since he had reached a similar degree of polycythaemia in # much shorter time. 
Both men were given 7 mc. of phosphorus-32. In the man with the less active 
disease the blood volume has remained normal for over four years, and there is 
as yet no sign of a relapse. In the other, rapid and severe relapses have recurred 
at roughly annual intervals. 

This difference in response illustrates the main limitation of the red-cell 
volume as an index to therapy. In subjects in whom the polycythaemia is very 
active, it gives no hint that an increasing rate of erythropoiesis is rapidly 
changing the red-cell volume. Serial measurements before treatment have 
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shown that in some patients the red-cell volume shows little change in six 
months. In most moderately severe cases the red-cell volume rises by about a 
litre in one year. In severe cases during relapse much greater rates may be 
found ; thus the red-cell volume in one patient (Case 9) increased from 2,090 ml. 
to 4,240 ml. in five months. Administration of 7 mo. on this occasion was fol- 
lowed by a transient anaemia (Fig. 2), and it has not been thought practicable, 
therefore, to treat such active cases with larger doses of phosphorus-32. 


Taste III 


Comparison of Clinical Data in Patients Responding to Phosphorus-32 
and in those who proved Resistant 
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Venesection has not been employed as a routine measure in these patients. 
The response to phosphorus-32 is rapid and, in a moderately severe case, the 
red-cell volume falls at a rate equivalent to the removal of between one and 
two pints of blood weekly. In the present series one patient (Case 9) was bled 
on his second admission in order to relieve severe headache. 

The patients who proved resistant to phosphorus-32 cannot be distinguished on 
clinical grounds with certainty from those who responded, but some features 
may suggest that resistance is likely. Thus the spleen was enlarged to beyond 
the umbilicus in three of the four cases (Table III). No comparable enlargement 
was seen among the patients who responded. The liver was palpable in all the 
resistant patients, and definitely enlarged in three. Among the 14 patients in 
whom phosphorus-32 was effective the liver was felt in only two. Lastly, the 
white-cell count was raised in all cases resistant to treatment, and greatly raised 
in two (Cases 16 and 18). In two patients (Cases 16 and 17) the white-cell 
count returned to normal after treatment, but in the remaining patients the 
administration of phosphorus-32 did not prevent a further rise in the white- 
cell count. In Case 15 it has risen to 30,000, and in Case 18 to 117,000 per 
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cu.mm. The resistance to therapy in these patients suggests that the abnormal 
erythropoiesis differs from that seen in the majority of cases of polycythaemia 
vera. It may merely indicate a later stage in the disease, but in Case 17 the 
plethora was of recent onset, while among those responding to treatment are 
two patients who have been treated regularly and effectively for 15 years and 
11 years (Cases 4 and 5). These differences in the clinical picture and in the 
response to therapy suggest that the polycythaemia in the two groups may be 
of different aetiology. 


I am indebted to Dr. G. Boden and Dr. W. Shanks for their encouragement, 
and for access to their patients throughout this investigation. Miss A. Hope 
performed many of the blood-volume determinations. 


APPENDIX 


Case Histories 

Case 1. A man born in 1913, and first seen in 1953, was referred to hospital 
because of severe pain under the left costal margin, lasting a few days. He had 
been dyspnoeic for eight years, had had headaches for 12 years, and had been 
plethoric for many years. On examination he was plethoric; the spleen was 
felt two finger-breadths below the costal margin. The blood-pressure was 
128/74. 
Haemoglobin: 117 per cent. White cells: 11,900 per cu. mm. 
Red cells: 6,350,000 per cu. mm. Neutrophils: 79 per cent. 
Haematocrit level: 51-7 per cent. Blood volume normal. 
Two months after an injection of 5 mc **P he was symptomless and the spleen 
was not palpable. 


Case 2. A woman born in 1898 5 was first seen in May 1952. She had been 
plethoric all her life. Her sister had recently died from a cerebro-vascular 
accident, and the patient wondered whether, like her sister, she might be 
polycythaemic. The spleen was felt two finger-breadths below the costal 
margin. The blood-pressure was 230/150. 

Haemoglobin: 118 per cent. White cells: 6,800 per cu. mm. 

Red cells: 6,680,000 per cu. mm, Blood volume: 5,540 ml. 

Haematocrit level: 62 per cent. Red-cell volume: 3,100 ml. (140 per 
cent. of normal). 


There were no symptoms. The response to **P was satisfactory. 


Case 3. A woman born in 1891, and first seen in December 1951, had 
had plethora and acne rosacea for several years, and six months ago a 
venous thrombosis in the leg. The spleen was felt three finger-breadths, and 
the liver a hand’s breadth, below the costal margin. The blood-pressure was 
180/110. 

Haemoglobin: 128 per cent. White cells: 26,000 per cu. mm. 
Red cells: 9,000,000 per cu. mm. Neutrophils: 96 per cent. 
Blood volume: 4,630 ml. 
Red-cell volume: 2,860 ml. (140 per 
cent. of normal). 
Treatment with **P was followed by regression of the spleen and reduction of 
the red-cell and white-cell counts. 


3 


38 DAVID VEREL 


Case 4. A woman born in 1883, and first seen in February 1943, had been 
plethoric for 15 years, and ‘dizzy’ for 10 years. For six months there had been 
buzzing in the ears. On examination she was plethoric ; the spleen was palpable 
two to three finger-breadths below the costal margin. 


Haemoglobin: 118 per cent. White cells: 8,400 per cu. mm. 
Red cells: 8,040,000 per cu. mm. Blood volume: 3,540 ml. 
Red-cell volume: 1,640 ml. (140 per 

cent. of normal). 


Treatment restored the blood volume to normal and relieved the acne rosacea. 


Case 5. A man born in 1894 fractured a rib in 1946, and was found to have 
splenomegaly (three finger-breadths). The blood-pressure was 180/110. 


Haemoglobin: 127 per cent. White cells: 14,400 per cu. mm. 
Red cells: 6,400,000 per cu. mm. Neutrophils: 91 per cent. 
Blood volume: 5,630 ml. (before fourth 

dose of *2P). 


Red-cell volume: 2,480 ml. (180 per 
cent. of normal). 


He denied any symptoms, and had always been red-faced. He was treated by 
X-rays in 1946, 1948, 1949, and 1950. There was a good response to X-ray 
therapy and to **P, with a reduction in the white-cell count. 


Case 6. A woman born in 1907 was first seen in July 1953, complaining of 
‘dizzy’ attacks for two years and an abdominal mass for six months. Five 
months ago her left hand had been weak for two weeks, and for five weeks she 
had found her mind ‘going blank’ if she tried to concentrate. For three weeks 
she had noticed that she bruised easily. She had been ‘anaemic’ until two years 
ago. On examination she was plethoric, with multiple ecchymoses. The cardio- 
vascular system was normal, the blood-pressure 160/105, and the spleen palp- 
able four finger-breadths below the costal margin. 


Haemoglobin: 146 per cent. White cells: 10,500 per cu. mm. 
Red cells: 7,880,000 per cu. mm. Blood volume: 100 ml. per kg. 
Haematocrit level: 64-5 per cent. Red-cell volume: 59 ml. per kg. (220 


per cent. of normal). 


Case 7. A man born in 1892 was first seen in 1946. Two years before, he had 
become plethoric, and had headaches in the left temporal and zygomatic regions. 
On examination he was plethoric; the cardiovascular system was normal, and 
blood-pressure 145/90 ; the spleen was felt four finger-breadths below the costal 
margin. 

Haemoglobin: 118 per cent. White cells: 12,750 per cu. mm. 
Red cells: 8,100,000 per cu. mm. Neutrophils: 80 per cent. 
Blood volume: 6,180 ml. 
Red-cell volume: 3,840 ml. (200 per 
cent. of normal). 


Case 8. A man born in 1883 was first seen in August 1953. For 30 years he 
had had recurrent cough producing white sputum. Five years previously he 
had become plethoric, having previously been pale. For 18 months he had been 
increasingly dyspnoeic, and six months ago had noticed his ankles swelling in the 
evenings for a few weeks. This had recurred during the past five weeks. He had 
occasional headaches. On examination he had a dusky plethora, no clubbing, 
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and a normal cardiovascular system. The blood-pressure was 160/80; there was 
marked pulmonary emphysema ; the tip of the spleen was just palpable. 
Haemoglobin: 150 per cent. White cells: 13,000 per cu. mm. 
Red cells: 9,400,000 per cu. mm. Neutrophils: 89 per cent. 
Blood volume: 118 ml. per kg. 
Red-cell volume: 81-5 ml. per kg. (280 

per cent. of normal). 


Arterial oxygen saturation was 94 per cent. X-rays of the chest showed con- 
siderable emphysema, with formation of bullae. 


Case 9. A man born in 1880 was first seen in December 1953 in another 
hospital. He complained that 12 months before he had become plethoric, and 
several episodes of giddiness and vomiting had occurred at any time, even in 
bed. During the summer months he had no symptoms, but two months previ- 
ously the giddiness and vomiting had returned, with athetoid movements of 
the left hand, which occurred when he was ‘not concentrating’. On examination 
at this time the significant findings were plethora and splenomegaly (three 
finger-breadths). The blood-pressure was 150/90. Five pints of blood were 
removed between this time and the end of March 1954, the haemoglobin level 
falling from 138 to 122 per cent. 

On 23.5.54 he was admitted to the London Hospital, where the physical signs 
were unaltered, apart from a large ecchymosis over the lateral aspect of the left leg. 


Haemoglobin: 142 per cent. White cells: 23,600 per cu. mm, 
Red cells: 9,600,000 per cu. mm. Neutrophils: 77 per cent. 
Haematocrit level: 68-6 per cent. One normoblast per 100 white cells; 
Blood volume: 135 ml. per kg. no primitive cells. 
Red-cell volume: 85 ml. per kg. (280 

per cent. of normal). 
The red-cell volume was three times the normal for a man of his build. He was 
given 7 mc of *P by intravenous injection. Five months later, in November 
1954, the red-cell and white-cell counts were within normal limits, the haema- 
tocrit level 45-8, and the blood volume 93-5 ml. per kg., just within normal 
limits. The giddy attacks were described as much less frequent, plethora was 
much reduced, and the spleen barely palpable. Three months later he was again 
having frequent ‘dizzy turns’, and the haematocrit level was 70-6 per cent. 
When he was admitted for treatment his haematocrit level was 73-3 per cent. 
and blood volume 115 ml. per kg., and he again showed frequent purposeless 
movements of anathetoid character, which persisted in spite of effective treatment. 


Case 10. A man born in 1901 was first seen in 1953. Four years before he had 
bled excessively after dental extraction. For two years he had had occasional 
headaches, and was told he had ‘blood-pressure’. Brief improvement followed 
occasional venesection. One year before he had had a ‘stroke’, followed by 
morning vomiting for five days. He was admitted to another hospital, where 
the spleen was not palpable, the blood-pressure 150/100, haemoglobin 104 per 
cent., red cells 4,770,000 per cu. mm., and white cells 7,700 per cu. mm. with 
77 per cent. neutrophils. On examination in 1953 he was plethoric, the spleen 
was not palpable, and the blood-pressure 180/100. 


Haemoglobin: 117 per cent. 

Red cells: 7,800,000 per cu. mm. 

Blood volume: 130 per cent. of norraal. 

Red-cell volume: 200 per cent. of nor- 
mal. 
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Normal blood volume was restored by 7mc *P. 


Case 11. A man born in 1889 was seen as a surgical out-patient with a gastric 
ulcer. Splenomegaly (three finger-breadths) was found, and polycythaemia 
diagnosed. On questioning he admitted having had occasional giddiness and 
generalized pruritus for five years. 


Haemoglobin: 121 per cent. White cells: 18,700 per cu. mm. 
Red cells: 6,400,000 per cu. mm, Neutrophils: 84 per cent. 
Red-cell volume: 200 per cent. of 

normal. 


There was a good response to therapy, and the white-cell count fell to within 
normal limits. 


Case 12. A woman born in 1889 was first seen in February 1955. Four years 
previously she had noticed an increase in her usual plethora, and three years 
ago had voluntarily become a blood donor, giving seven pints in two years. 
One year ago venesections had ceased, and she complained of fullness in the 
head. For six months the fingers of the left hand had sometimes been blue and 
later white. She was dyspnoeic, and four months ago had had a chest radio- 
graph done after a haemoptysis. She was plethoric, with cyanotic hands and 
feet. The cardiovascular system was normal, the blood-pressure 115/80, and 
the spleen palpable two finger-breadths below the costal margin. 


Haemoglobin: 116 per cent. White cells: 11,800 per cu. mm. 
Red cells: 10,400,000 per cu. mm. Neutrophils: 68 per cent. 
Platelets: 720,000 per cu. mm. 
Red-cell volume: 220 per cent. of 

normal. 


Case 13. A man born in 1909 was first seen in 1955. He was always plethoric, 
especially since his discharge from the army in 1946. For two years he had had 
intermittent coryza, and for one year paraesthesiae in his fingers, which went 
white and numb in cold water. Two weeks ago he awoke with his mouth full 
of blood. This recurred several times on that day. Examination showed a 
plum-coloured cyanosis. The cardiovascular system was normal, but the blood- 
pressure 190/120 to 115/105. Thespleen was firm ; it was felt two finger-breadths, 
and the liver one finger-breadth, below the costal margin. Ophthalmoscopy 
showed tortuous and irregular arteries, with some venous nipping. The urine 
contained nothing abnormal. 


Haemoglobin: 145 per cent. White cells: 10,400 per cu. mm. 

Red cells: 9,800,000 per cu. mm. Neutrophils: 76 per cent. 

Mean corpuscular haemoglobin con- Platelets: 400,000 per cu. mm. 
centration: 31-3 per cent. Blood volume: 116 ml. per kg. 

Plasma iron: 38 yg. per 100 ml. Red-cell volume: 74 ml. per kg. (200 

per cent. of normal). 
Four months after an injection of 7 mc **P the spleen was barely palpable, the 
liver not palpable, and the blood volume normal. 


Case 14. A man born in 1901; first seen in June 1955. Five years ago his 
lips were noted to be mauve. Polycythaemia was diagnosed 18 months ago, 
when he developed thrombophlebitis. Since then he had had occipital head- 
aches, which were relieved for three weeks by venesection. On examination 
there was a dusky plethora; the tip of the spleen was palpable; the blood- 
pressure was 175/105. 
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Haemoglobin: 143 per cent. White cells: 8,600 per cu. mm. 

Red cells: 7,380,000 per cu. mm. Neutrophils: 81 per cent. 

Haematocrit level: 68-6 per cent. Red-cell volume: 4,980 ml. (240 per 
cent. of normal). 

The symptoms were relieved by 7 mc *P; the spleen was no longer palpable, 

the red-cell volume fell to normal, and normal venous haemoglobin and haema- 

tocrit levels were restored. 


Case 15. A man born in 1904 was first seen in 1949. Two years before he had 


become plethoric, but he dated his symptoms from the death of his wife a year 
later. He was frequently ‘dizzy’, and often noticed itching of the skin. He had 
frequent attacks of numbness in the fingers. He was plethoric, with a palpable 
spleen and liver. During the next 30 months he had 25 venesections, the last 
being 18 months before his first admission for **P therapy. At this time (January 
1953) the spleen was felt three finger-breadths, and the liver one finger-breadth, 
below the costal margin; the cardiovascular system was normal, and blood- 
pressure 110/75. 
Haemoglobin: 115 per cent. White cells: 18,400 per cu. mm. 
Red cells: 7,400,000 per cu. mm. Neutrophils: 77 per cent. 
Haematocrit level: 58 per cent. Blood volume: 120 ml. per kg. 
Red-cell volume: 60 ml. per kg. (200 
per cent. of normal). 


Neither the white-cell nor the red-cell count was affected by treatment. 


Case 16. A woman born in 1896 was first seen in December 1952. For five 
years she had had recurrent bronchitis and attacks of gout. In July 1949 she 
was admitted to another hospital with pneumonia. The spleen was enlarged to 
the left iliac crest and beyond the umbilicus. 

Haemoglobin: 100 to 112 per cent. White cells: 29,600 per cu. mm. 
Platelets: 340,000 per cu. mm. Myelocytes: 5 per cent. 
Red-cell volume (before third dose of 

82P): 220 per cent. of normal. 
The sternal marrow was normal. The white-cell count fell slowly to normal 
after treatment. 


Case 17. A woman born in 1892; first seen in May 1954. For 30 years she had 
had recurrent thromboses in varicose veins. Two years ago she had had chole- 
cystectomy in another hospital; the blood was not examined. One year ago 
she had had pain in the left hypochondrium. Polycythaemia was diagnosed in 
another hospital. Eight months ago she had dyspnoea, and five months ago 
plethora was noticed. There was itching of the legs, and no headache or dizzi- 
ness. On examination the blood-pressure was 150/80; the spleen was enlarged 
to beyond the umbilicus, and the liver two finger-breadths below the costal 
margin. 

Haemoglobin: 118 per cent. White cells: 15,600 per cu. mm. 
Red cells: 6,800,000 per cu. mm. Neutrophils: 79 per cent. 
Red-cell volume: 220 per cent. of 

normal. 


After treatment there was transient relief of her symptoms. 


Case 18. A woman born in 1896 was seen at another hospital in 1952, com- 
plaining of dragging abdominal pain. Examination revealed a spleen enlarged 
beyond the mid-line. At this time blood examination showed haemoglobin 92 
per cent., red cells 4,840,000 per cu. mm., and white cells 67,000 per cu. mm., 
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with 90 per cent. neutrophils. Her symptoms were relieved by an abdominal 
belt. She was referred to the London Hospital in May 1954, when the only 
additional symptom was a ‘prickling’ sensation in the skin on taking a bath. 
The spleen was greatly enlarged, the tip being 17 cm. from the costal margin. 
The liver was felt two to three finger-breadths below the costal margin. The 
blood-pressure was 110/70. 


Haemoglobin: 100 per cent. White cells: 49,700 per cu. mm. 

Red cells: 6,500,000 per cu. mm. Neutrophils: 87 per cent. 

Haematocrit level: 54-4 per cent. Blood volume: 112 ml. per kg. 

Platelets: 360,000 per cu. mm. Red-cell volume: 59 ml. per kg. (200 
per cent. of normal). 


The sternal marrow was normal. 


Summary 


1, In 37 patients suffering from polycythaemia vera the red-cell volume has 
been used as an index to therapy with single doses of phosphorus-32. The 
results in 18 patients in whom serial studies have been made are described. 

2. Satisfactory remissions resulted in 14 patients ; four proved to be resistant. 

3. The duration of the remission in patients who responded to treatment was 
related to the activity of the disease, and could be predicted. 

4. The resistant patients differed clinically from those who responded. It is 
suggested that the polycythaemia in these groups may differ in aetiology. 
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MACROCYTOSIS AND MACROCYTIC ANAEMIA CAUSED 
BY ANTICONVULSANT DRUGS! 


By C. F. HAWKINS anp M. J. MEYNELL 
(From the United Birmingham Hospitals) 


THE occurrence of a megaloblastic anaemia in epileptic patients who are being 
treated by anticonvulsant drugs has been increasingly recognized during the 
last two years. The diagnosis is based upon the exclusion, by the appropriate 
investigations, of known causes of megaloblastic anaemia such as pernicious 
anaemia, idiopathic steatorrhoea, gastrointestinal abnormalities, liver disease, 
tape-worm, and an inadequate diet, and is associated with the use of drugs— 
phenytoin, primidone, and phenobarbitone. The particular interest of this 
anaemia is that it is the first example, apart perhaps from the folic acid antagon- 
ists (Stickney, 1952), of drugs causing megaloblastic reversion of the bone- 
marrow, and study of it may well throw iight upon the complex problem of the 
metabolism of vitamin B,, and folic acid. 

Attention was first drawn to the possible association between this anaemia 
and anticonvulsant drugs by Badenoch (1954), who demonstrated two epileptics 
with unexplained megaloblastic anaemia. Hawkins and Meynell (1954), who 
were studying an identical anaemia in a patient who had been taking phenytoin 
alone, suggested that this drug, which was the common factor in all three cases, 
was the probable cause. Since then a sufficient number of similar examples has 
been reported (Rhind and Varadi, 1954; Webster, 1954; Berlyne, Levene, and 
McGlashan, 1955; Ryan and Forshaw, 1955; Vaishnava, 1955) to confirm the 
belief that the association between the anaemia and phenytoin is a true one 
and not coincidental. The possibility of primidone being a cause of this anaemia 
was first raised by Chalmers and Boheimer (1954), who described the case of a 
patient who for five years had taken barbiturates and phenytoin sodium, and 
for some months primidone, before the discovery of a megaloblastic anaemia. 
They could then come to no definite conclusion about the particular drug which 
caused the anaemia, but later reports have also incriminated primidone ; Fuld 
(1955) and Fuld and Moorhouse (1956) have produced conclusive evidence that 
mysoline alone can be responsible for megaloblastic changes in the bone- 
marrow, and another similar example has recently been described by Girdwood 
and Lenman (1956). It is surprising that this drug-induced megaloblastic 
anaemia has not been described before, as phenytoin has been in common use 
since 1938, but it is likely that cases have remained unidentified under the label 
of pernicious anaemia. It is not unexpected that the same blood changes can 


1 Received March 14, 1957. 
Quarterly Journal of Medicine, New Series XXVII, No. 105, January 1958. 
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occur from either phenytoin or primidone, as both are hydantoins; there is, 
indeed, a general structural similarity between folic acid, primidone, phenytoin, 
and phenobarbitone (Girdwood and Lenman, 1956), and there is a possibility 
of a competitive interference by the drugs in some enzymatic process normally 
involving folic acid as a co-factor. It was with the object of detecting further 
cases, or other blood changes of a similar nature, that we decided to carry out an 
haematological survey of a large number of epileptic patients. 


Patients and Methods of Investigation 

The main group of epileptics studied comprised patients from two large 
colonies. They were otherwise healthy, but suffered from varying degrees of 
mental deficiency which did not prevent most of them doing simple jobs, and 
the food they ate was normal. A sample of venous blood was taken into a mix- 
ture of dry ammonium and potassium oxalate (Heller and Paul). Films were 
prepared in the usual way. The red cells were diluted 1 : 200 and counted in a 
Neubauer chamber. The number in five groups of 16 squares multiplied by 
10,000 was expressed as red blood-cells per cu.mm. Two such dilutions and 
counts were done on all specimens. The haemoglobin (100 per cent. = 14-8 g. 
per 100 ml.) was estimated both by the Haldane method and by the photo- 
electric colorimeter, using 0-04 per cent. ammonia as diluent. Absolute values 
were estimated from a Wintrobe haematocrit centrifuged at 3,000 r.p.m. for 
30 minutes. The mean corpuscular volume was accepted as the measurement of 


macrocytosis ; the range of normal limits of this index is 78 to 94 cu.y, with a 
mean of 86 cu.u (Whitby and Britton, 1950). Other methods, such as halometer 
readings and Price-Jones (1933) curves to ascertain macrocytosis, were not 
satisfactory, the former being inaccurate, and the latter too laborious for an 
initial survey of a large number of cases. 


The Initial Survey 


Seventy-two patients, 40 male and 32 female, were first studied ; their ages, 
which were evenly distributed, ranged from seven to 65 years. Each was given 
a routine clinical examination to exclude any coincidental disease that might 
cause blood changes, and all were receiving anticonvulsant drugs such as pheno- 
barbitone, phenytoin, and primidone. In most of them the epilepsy was ‘idio- 
pathic’ or unexplained, but there was a small group of cases with an obvious 
cause such as cerebral agenesis or tuberous sclerosis. 

Controls consisted of 30 healthy subjects, mainly students and hospital 
personnel, whose ages varied from 21 to 72 years. As there seemed a possibility 
that any blood changes might be due to some factor present in the epileptic 
colonies as such, another group of 30 patients, inmates of the same colonies but 
not suffering from epilepsy, were also examined. They suffered from mental 
deficiency, sometimes due to a known cause such as mongolism, but otherwise 
of unknown origin. 
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Accuracy of methods. The blood counts were made with no knowledge whether 
the specimen was from one of the 72 epileptics or from one of the 60 controls, 
thus excluding any subjective error in the counts. The accuracy of the methods 
was assessed by dividing samples into two fractions, and sending them to the 
laboratory at regular intervals during the survey. These specimens were labelled 
with different and fictitious names, so that their origin was unknown to the 


I 
The Error of Blood Counts Assessed by Duplicate Samples 
Haemoglobin (%)* Packed cell Mean corpuscular 


97 82 
84 
83 
82-5 
85 
84 
87 
86 
92 
87 


* Haemoglobin: 100% = 14-8 g. per 100 ml. 


haematologist (M. J. M.) orto any of the technicians. The results of 14 duplicated 
samples are shown in Table I. The mean difference in the haemoglobin estima- 
tions was 3-21 per cent. (S.D. = 2-35), and in the red-cell count 190,000 (s.D. = 


0-18). The mean difference in the mean corpuscular volumes was 2-82 cu.u 
(S.D. = 2-35). 


Results 


There was a significant tendency towards macrocytosis among the epileptics ; 
one-third showed a mean corpuscular volume of 94 cu.z and over. The mean 
among all the epileptics was 92-2 cu.p (S.D. = 4-51), whereas the mean among 
the normal controls was 86-6 cu. (s.D. = 2-53); the difference between the 
epileptics and the normal controls was therefore 5-6 cu.z, and the standard error 
of that difference was 0-73 cu.u; the difference is significant (P <0-001). In 
the control group of 30 subjects without epilepsy, living in the colonies, the 
mean was 88-7 cu.p (s.D. = 2-58), differing from the mean in the epileptic 
group by 3-5 cu.y; this difference was also significant, the standard error being 
0-71 cu.z (P < 0-0001). The erythrocyte counts, haemoglobin, and white cells 
in the patients with macrocytosis were, except in one instance, normal. The 
appearance of macrocytosis in the blood films was slight but definite. A series 
of 70 mixed slides—normal and abnormal according to the mean corpuscular 
volume—was presented to one of us (M. J. M.) without knowledge as to their 
source ; the macrocytic ones were accurately detected in 87 per cent. of instances 


but, perhaps from suggestion, there was a tendency to overdiagnose macrocy- 
tosis, an error that occurred in 37 per cent. of the normal specimens. Abnormal 


Red 
‘ (millions) volume (%) volume (cu.p) 
5-07 4-83 86 
4-70 4-72 86 er 
5-18 5-10 85 oe. 
6-27 6-26 1 84 
5-39 5-46 ] 81 
5-76 5-70 1 82 dies 
5-81 6-04 1 85 oe 
5-71 5-32 1 90 
4-62 4-82 87 
5-43 5-09 1 86 i 
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MEAN CELL-VOL 114 cu.p 
MEAN CELL-DIAM 8-5 
COEF. OF VARIATION 7:58% 
(NORMAL $3-5-7 %) 
MACROCYTOSIS 54% 
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Fic. 1. Price-Jones curves showing macrocytosis in an epileptic (E) 
receiving anticonvulsant drugs, compared with a normal control (C). 
N represents the upper limit of the normal (Price-Jones, 1933). 
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Fic. 2. Price-Jones curve of an epileptic 
receiving 3 grs. phenobarbitone and 1} 
grs. phenytoin daily. N represents the 
upper limit of the normal (Price-Jones, 
1933). 
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degrees of anisocytosis were hardly discernible, and apart from the macrocytosis 
the films were normal, with no sign of spherocytosis or polychromasia. Fragility 
tests, using a modified Creed’s technique (Whitby and Britton, 1950), in six 
macrocytic cases were normal. 


80 82 84 86 88 90 92 94 % 98 100 102 104 106 
MEAN CORPUSCULAR 


Fic. 3. Incidence of macrocytosis among epileptics compared with 
controls. The squares indicate male and circles female patients. 
Price-Jones curves. The macrocytosis was confirmed by diameter measure- 
ments. Blood films of six epileptics with macrocytosis, and of normal controls, 
were photographed at a magnification of 2,000. The separate photographs of 
the microscopic fields of red cells of the epileptics and normal controls were 
intermingled so that their origin was unknown to the technician counting them. 
Price-Jones curves were then constructed. In a male epileptic aged 44 years 
(Fig. 1) with a mean corpuscular volume of 114 cu.u, the mean cell-diameter 
was 8-5 p, and 54 per cent. of the cells were macrocytic; the coefficient of 
variation was 7-58 per cent. (normal 5-3 to 5-7 per cent.), indicating a moderate 
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amount of anisocytosis. In another patient (Fig. 2), a woman aged 63 years, in 
whom the mean corpuscular volume has been at the upper limit of normal, 
varying between 91 and 99 cu.u over a period of two years, the mean cell- 
diameter was 8-2 » when the mean cell volume was 92-5 cu.u and there was 
39 per cent. macrocytosis, with a coefficient of variation (6-41 per cent.) slightly 
above normal. Statistical analysis of the curves (Mogensen, 1938) indicated a 
general enlargement of the red cells, without any sign of the separate groups of 
cells seen in the macrocytic anaemia of liver disease. No correlation could be 
found between the macrocytosis and the age and sex of the patients, and there 
was no difference between the two colonies in its occurrence. 


Aetiology of the Macrocytosis 


It had been assumed that the macrocytosis and the megaloblastic anaemia 
were both manifestations of some disturbance of metabolism due to phenytoin ; 
yet, when this group of 72 epileptics was subdivided according to their drug 
therapy, it was found that the mean among those receiving phenytoin with or 
without other drugs (41 patients) was 92-4 cu.u (S.D. = 5), compared with a 
mean of 91-8 cu.p (S.D. = 3-82) for the remainder (31 patients) who were not 
taking phenytoin, but other drugs such as phenobarbitone and primidone 
(Fig. 3). Other possible causes of macrocytosis were therefore considered. A 
nutritional deficiency seemed unlikely, as the diet of the epileptics was satis- 
factory and adequate in vitamin C. Their eating habits were sometimes variable, 
and, as macrocytic anaemia may be associated with ascorbic-acid deficiency 
(Dunlop and Scarborough, 1935; Parsons, 1938), it was thought important to 
exclude this factor, although the absence of any clinical evidence of scurvy 
made it very unlikely (Gottlieb, 1945). The plasma ascorbic-acid level (Stewart, 
Horn, and Robson, 1953; normal 0-3 to 1-3 mg. per 100 ml.) was estimated in 
16 epileptics with macrocytosis, and the mean was 0-50 mg. per 100 ml. (s.D. = 
0-57) ; in all epileptics without macrocytosis the mean was 0-63 mg. per 100 ml. 
(s.D. = 0-63) ; and in 13 control subjects in the colony without epilepsy the mean 
was 0-33 mg. per 100 ml. (s.p. = 0-15). There was therefore no significant 
difference in these groups, in all of which the level was rather low but did not 
indicate significant ascorbic-acid deficiency. Liver disease may cause macrocy- 
tosis, but no clinical evidence of it was found. Liver-function tests were carried 
out in 67 epileptics ; none showed any significant abnormality. 

There was no correlation between the macrocytosis and the number of fits in 
a group of 76 epileptics, in whom the number of fits varied between 10 and 200 
each year. Epilepsy is a symptom and not a diagnosis, and may cover a group 
of conditions ; so that it was thought possible that a syndrome might exist in 
which some underlying bioc’.emical defect could cause both the epilepsy and the 
macrocytosis. No evidence for this hypothesis was forthcoming, as the macro- 
cytosis was as frequent among patients with a definite diagnosis, such as spastic 
disease or tuberous sclerosis, as among the ‘idiopathic’ cases of epilepsy. It 
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Fic. 4. Correlation of macrocytosis with dosage of phenobarbitone and 

phenytoin in epileptics receiving both drugs. The number of patients 

in each group is shown in the circles. The shaded areas indicate those 
with macrocytosis. 
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Fic. 5. The incidence of macrocytosis (hollow squares) related to the drug therapy. 
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therefore seems that anticonvulsant drug therapy is the most likely cause of the 
macrocytosis. Unfortunately it is very difficult to find an epileptic who is not 
receiving drugs, so that it has not been possible to compare a group of epileptics 
not being so treated with those studied in this investigation. The evidence 
still remains circumstantial rather than absolute. Strong support to the drug 
hypothesis is given by the fact that there is a correlation between the dosage of 
combined phenytoin and phenobarbitone therapy and the incidence of macro- 
cytosis (Fig. 4). Furthermore, in three cases in which the cessation of fits has 
made it possible to discontinue the anticonvulsant drugs, the macrocytosis has 
concurrently disappeared. During the two years of the present study 159 
epileptics have been examined haematologically, and have been analysed 
according to the type of drug therapy (Fig. 5). It was found that 45 per cent. 
of those receiving both phenytoin and phenobarbitone, 27 per cent. of those 
receiving phenytoin alone, and 34 per cent. of those receiving phenobarbitone 
as the sole drug, showed macrocytosis ; there were too few treated with mysoline 
alone to provide evidence whether macrocytosis is associated with this drug. 
The most interesting deduction from this grouping is that phenobarbitone 
itself appears to cause such changes in the erythrocytes. 

Vitamin B,, and folic acid are essential to the formation of nucleic acid, 
and deficiency of either gives rise to the defective macrocytic red cell seen in 
pernicious and other megaloblastic anaemias. The possibility that the anti- 
convulsant drugs interfered with these enzyme-systems prompted investiga- 
tions of the serum B,, levels. The method of estimation used in the present 
investigation was a modified L. leichmannii assay (see Appendix). In 22 nor- 
mal subjects the range was 105 to 385 pug. and the mean 215 pyg. per ml. 
Quantities of vitamin B,, less than 100 pg. per ml. indicate deficiency (Meynell, 
Cooke, Cox, and Gaddie, 1957). One hundred and eighteen patients from the 
two colonies were examined: 40 of those with epilepsy were macrocytic, and 
the mean was 175 yg. per ml. (s.D. = 0-35), and in 59 epileptics without macro- 
cytosis the mean was 233 pug. per ml. (s.D. = 0-54); 19 control patients in 
the colony, without epilepsy, gave a mean of 182 pyg. per ml. (s.D. = 0-39). 
There was therefore no indication of B,, deficiency, or significant difference 
between the three groups. The possible effect of vitamin B,, upon macro- 
cytosis was then investigated, and six epileptics were given subcutaneously 
100 ug. weekly for three months. There was no definite effect upon the macro- 
cytosis. Tests to determine defects of folic acid absorption, or, possibly, to 
assess depletion of folic acid, were carried out by the technique described by 
Girdwood (1953). No defect of absorption was found when eight epileptics with 
macrocytosis were given 5 mg. of folic acid orally. Forty epileptics receiving 
anticonvulsant drugs, 20 of whom were macrocytic and 20 normocytic, were 
given 5 mg. parenterally. The quantities of folic acid excreted in the urine were 
similar to those observed in a group of 23 control subjects, and above the mini- 
mum normal level of 1-6 mg. This does not, however, exclude the possibility 
of desaturation with folic acid. 

After these tests, six of the macrocytic patients were given 20 mg. folic acid 
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orally for one month, and in each case there was a fall of the mean corpuscular 
volume towards normal: 


Mean corpuscular volume (cu.j) 


Before 100 106 114 100 99 99 
After 92 96 96 84 84 


Drug-induced Macrocytic Anaemia 

Incidence. It appears that this type of megaloblastic anaemia is uncommon. 
Berlyne, Levene, and McGlashan (1955) screened 75 epileptic patients who were 
receiving anticonvulsant drugs in a large mental hospital, and found none. Ryan 
and Forshaw (1955) examined the records of 56 patients with megaloblastic 
anaemia without finding one case that could be attributed to drugs. The latter 
authors also examined the blood of 102 epileptic patients in a mental hospital, 
all of whom were receiving phenytoin, and none had a megaloblastic anaemia. 
They then examined the records of 140 patients whose haemoglobin was be- 
low 70 per cent., and found one possible case. We have been making detailed 
haematological studies of 170 epileptics in a colony for two years. One patient 
with macrocytic anaemia of unexplained origin was discovered (Table II, Case 
1); another was excluded from the series because the condition appeared to be 
typical pernicious anaemia; and a third has developed a macrocytic anaemia, 
probably due to anticonvulsant drugs, during the period of observation. Apart 
from these two patients, seven others were studied. The first (Case 2) was the 
patient whom we originally described (Hawkins and Meynell, 1954) when we 
drew attention to the probability than phenytoin was the cause of the anaemia 
and suggested that this was the first time that a drug had been responsible for 
producing megaloblastic change in the bone-marrow apart, perhaps, from the 
folic acid antagonists (Stickney, 1952). After this other local cases were dis- 
covered because observers were aware of the condition, and these cases were 
kindly referred to us by our colleagues. Three patients (Cases 3, 4, and 5) had 
been admitted to a general hospital as suffering from pernicious anaemia. One 
(Case 6) was admitted to hospital with an initial diagnosis of agranulocytosis, 
because of a low white-cell count and an ulcerative condition of the throat. Two 
(Cases 7 and 8) were discovered during the routine blood examinations of 
epileptics attending hospital. 

Description of the condition. 1. The clinical picture. The onset is insidious, 
with the non-specific symptoms of any anaemia, such as lassitude, weakness, 
dizziness, palpitations, undue dyspnoea, and oedema of the ankles, depending 
upon the severity of the condition. Epithelial changes in the mouth are common, 
and were noted in three of our series. They varied from ulcers on the tip of the 
tongue and inside the lips to acute glossitis or ulcerative lesions of the throat. 
Hypertrophy of the gums with gingivitis is a frequent, inconvenient, but harm- 
less side-effect of phenytoin therapy, and may mimic scurvy, although the 
histological picture is different. It is not possible to know whether the nausea, 
indigestion, and flatulence, which may occur, indicate changes of the mucous 
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membrane elsewhere in the gastro-intestinal tract; a normal gastric biopsy 
specimen obtained in one of our cases, and in the patients of Badenoch (1954), 
together with normal hydrochloric acid, fat-absorption, and X-ray appearances 
of the small intestine, makes this explanation unlikely. Abdominal examination 
usually gives negative results, but the spleen was enlarged in two patients. 
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Drug-induced Macrocytic Anaemia 
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Haemorrhagic tendencies from diminished platelet production may be seen, 
and one patient showed small retinal haemorrhages. Another patient, however, 
had retinal haemorrhages without thrombocytopenia. No mention of involve- 
ment of the central nervous system has been made in the records of the cases 
so far recorded, but it occurred in two cases of our series, and gave rise to a 
diagnosis of subacute combined degeneration of the cord. A woman aged 53 
years complained of ‘burning’ feelings in the legs, and such unsteadiness that 
she could only walk short distances. Examination showed tenderness in the 
calves and absent knee-jerks; the plantar responses were inconclusive, and 
there was a probably extensor response on the left side. Another woman, aged 
60 years, was found during routine examination to have a left extensor plantar 
response and loss of vibration sense. Both these patients, with free acid demon- 
strated in the fractional test meal, showed a haematological response to vitamin 
B,, therapy alone, and the neurological abnormalities disappeared when the 
anaemia was cured. This is conclusive evidence that lesions of the postero- 
lateral columns and peripheral neuropathy may occur, as in pernicious anaemia. 

2. Investigations. The diagnosis of megaloblastic anaemia due to anticon- 
vulsant drugs is not established unless the presence of free hydrochloric acid has 
been demonstrated in the stomach, and until disorders of the small intestine 
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have been excluded by barium X-ray studies and by fat-analysis of the stools 
carried out for a minimum period of three days. The macrocytic anaemia of 
liver disease, in which the bone-marrow is rarely megaloblastic (Girdwood, 1956), 
is unlikely to cause confusion, and liver-function tests (the serum-proteins, van 
den Bergh reaction, serum alkaline phosphatase, thymol turbidity, thymol 
flocculation, and colloidal gold) were carried out in our series and found to be 
uninformative. The plasma ascorbic-acid level was estimated in one patient, 
and was low (0-11 mg. per 100 ml.) ; similar readings (0-15 mg. and 0-39 mg. per 
100 ml.) were found in the patient’s mother and sister, although their blood 
counts were entirely normal. This result, together with the failure of the anaemia 
to respond to 600 mg. of ascorbic acid given orally each day for two weeks, made 
it unlikely that ascorbic-acid deficiency played any part. Serum-bilirubin was 
estimated in five cases, and varied from 0-2 mg. to 0-9 mg. per 100 ml., with a 
mean reading of 0-44 mg. per 100 ml. Serum B,, levels were normal in the three 
patients investigated. Similar normal readings have occurred in other patients 
(Badenoch, 1954; Chalmers and Boheimer, 1954; Rhind and Varadi, 1954; 
Girdwood and Lenman, 1956). Low levels (85 to 100 pug. per ml.) were obtained 
during folic-acid therapy in one patient. The absorption of radioactive vitamin 
B,, from the alimentary tract was studied in one case, and found to be normal ; 
similar results were obtained by Badenoch (1954) and Chalmers and Boheimer 
(1954). Folic-acid excretion tests, parenteral and oral, were carried out in five 
cases, when macrocytosis was present but no folic acid was being given thera- 
peutically, and all the results were normal. Girdwood and Lenman (1956) 
obtained similar results in their patient. 

The appearances of the peripheral blood and of the bone-marrow are usually 
identical with those seen in pernicious anaemia, and the anaemia may be of 
similar severity. White cells are generally in low normal concentration, although 
a count of 1,800 per cu.mm. was reported by Webster (1954). Two of our patients 
had counts of 1,000 and 2,700 per cu.mm. respectively. Careful examination 
will reveal the multisegmented polymorphs which are present in pernicious 
anaemia. Thrombocytopenia to any extent sufficient to cause purpura is 
uncommon. In two of our patients the platelet count was 91,000 and 36,000 per 
cu.mm. respectively. In the patient reported by Webster (1954), who presented 
purpura among other features, the platelet count was found to be 1,000 per 
cu.mm. It is highly probable that with the greater recognition of this disorder 
the haematological features will show most of the characteristics found in 
pernicious anaemia, with a depression in all the formed elements of the blood, 
although in our small series the depression in the white-cell count occurred in 
only two cases. Platelet counts were not made in all our cases. The clotting, 
bleeding, and prothrombin times were investigated in two cases ; the prothrom- 
bin level in one was 83 per cent., but the other results were normal. In another 
patient the red-cell fragility was normal and the Coombs test was negative. 
The results of the direct Coombs test have also been reported negative (Ryan 
and Forshaw, 1955), but in another epileptic patient this test gave a positive 
result at first, becoming negative two weeks after treatment with folic acid 
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(Chalmers and Boheimer, 1954). This finding is by no means unusual in megalo- 
blastic anaemias. Bone-marrow studies showed typical megaloblasts in four of 
our patients (Cases 2, 4, 5, and 6). In another instance (Case 3) no sternal 
puncture was performed, but it is likely that this case was also megaloblastic, 
because of the severe macrocytic anaemia and the response to vitamin B,,. Two 
patients (Cases 1 and 8) showed macronormoblasts only, perhaps owing to the 
slight degree of the anaemia. In another patient (Case 7) the bone-marrow was 
reported as hypoplastic, yet there was a probable partial response to folic acid 
on two occasions. 

3. Effect of treatment. Folic acid, when tried, has been effective in all previ- 
ously reported cases and in the present series, and seems to be the drug of 
choice. The response to vitamin B,, varied strikingly among our epileptic 
patients ; two were resistant, although the first showed a submaximal reticulo- 
cyte response without any rise in the red-cell count, but the remainder (Cases 1, 
3, 4, 5, and 6) gave a normal response, as in pernicious anaemia. Another 
patient (Case 7), who was thought to show a slight temporary response to folic 
acid on two occasions, failed to reach normal blood levels in spite of adequate 
dosage of both folic acid and vitamin B,,, and the macrocytic anaemia persisted 
unchanged for the two years’ period of observation. Of 13 cases reported in the 
literature, eight were completely refractory to vitamin B,,, and one partially 
so; of the three cases in which it was successful, the improvement in two 
(Webster, 1954; Ryan and Forshaw, 1955) may have been due to the cessation 
of anticonvulsant therapy ; the third (Badenoch, 1954) seemed to show an un- 
doubted response, and it is interesting that this response occurred in spite of the 
serum B,, level being within normal limits (120 pug. per ml.). The 11 patients 
who were given folic acid responded normally. The initial haematological 
response in our patients, whether treated by folic acid or successfully by vitamin 
B,,, has been maximal, judging by the reticulocyte response and the increase of 
red cells, and has occurred in spite of the continuance of anticonvulsant drugs 
in the same dosage. 

4. Follow-up studies. The anticonvulsant drugs have been continued unchanged 
in all the patients, except in one case in which the phenytoin was omitted and 
phenobarbitone given alone. It is also necessary to continue with a haema- 
tinic to prevent recurrence of the macrocytic anaemia, the forerunner of which 
is macrocytosis. Maintenance therapy with vitamin B,, for two years resulted 
in the blood remaining completely normal in three patients (Cases 1, 3, and 6), 
but in two others (Cases 4 and 7) there was a persistent macrocytosis, in one 
case with depression of the red cells, which responded to oral folic acid ; in both 
instances the macrocytosis disappeared. In an epileptic patient studied by Fuld 
and Moorhouse (1956) a primidone-induced megaloblastic anaemia developed 
four and a half months after the drug was started. The anaemia was treated 
with folic acid, which was subsequently omitted; macrocytosis appeared two 
months later, followed by megaloblastic change in the bone-marrow eight 
months after the withdrawal of the treatment. Girdwood (1956) allowed his 
patient, who was receiving phenobarbitone and primidone, to relapse, and an 
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identical megaloblastic anaemia occurred 19 months later. It appears that the 
pattern of haematological response is the same in the relapse as in the original 
anaemia, so that vitamin-B,, resistance remains, if already present. It seems 
that the time before the appearance of a relapse can be correlated with the length 
of time that the original anaemia took to develop. Thus, one of our patients 
had been taking phenytoin for 13 years before the anaemia appeared ; after one 
year without a haematinic there was no recurrence of anaemia. Yet one patient 
(Fuld and Moorhouse, 1956) developed a severe anaemia four and a half months 
after starting primidone, and relapsed eight months after the cure. It appears 
that a daily dose of between 5 and 10 mg. of folic acid is a sufficient protection 
against the anaemia-inducing properties of the anticonvulsant drugs, and in 
our patients this dosage has shown no tendency to precipitate neurological 
complications, as in pernicious anaemia, although the serum-B,, level may be 
low. We believe, nevertheless, that this possibility should be borne in mind, as 
such neurological complications were present in two of our patients when they 
originally presented megaloblastic anaemia. 

5. Effect on the fits. An interesting and rather unexpected result has been a 
remarkable improvement in the epilepsy after treatment of the anaemia. One 
man had suffered from two to three attacks a month of minor epilepsy, 
resembling petit mal, for 20 years. He has had no further attack during the 
three-year follow-up period, except one doubtful episode when he was unex- 
pectedly incontinent of urine; this occurred during the time when the mainte- 
nance treatment with folic acid was omitted. A woman, aged 53, was a frequent 
visitor to the Casualty Department for treatment of injuries received during 
her attacks of grand mal, which occurred about every two weeks. Since the 
anaemia was treated with vitamin B,, the attacks have changed in character, 
so that they are slight and less frequent. Another woman, aged 60, was having 
minor attacks, about one each month, but none have occurred during the 
follow-up period of one year. A young man of 21 was completely incapacitated 
by having at least three major attacks daily. When admitted to the ward he 
was almost in status epilepticus, so frequent were the attacks. He has had no 
further attacks since treatment of the anaemia two years ago. A girl of 19 was 
also completely incapacitated by both major and minor epilepsy, and was having 
seven attacks of typical grand mal daily. She was given folic acid, and a complete 
remission resulted, so that she was able to take full-time work; no attacks 
occurred for six months, but she has had occasional attacks during the second 
six months of the follow-up period of one year ; there has, however, been little 
change in the slight macrocytic anaemia. An imbecile epileptic girl, treated with 
vitamin B,,, has shown no diminution in the number of fits. A woman aged 39 
was having attacks so infrequently that it has not been possible to assess any 
change. Although the effect upon the epilepsy has been so striking in this series, 
the natural history of the condition is so variable that one hesitates to draw 
definite conclusions as yet. 

6. Electroencephalograms have been made before and after treatment of the 
anaemia in three patients only. Two (Cases 3 and 7) showed no change, except 
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Fic. 6 a. Electroencephalographic tracings taken before treatment of megaloblastic anae- 
mia in an epileptic by vitamin B,,. 


Fic. 6 6. Taken after treatment. 
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perhaps a decrease in delta activity in the former, in spite of the striking 
diminution in the number of the fits. A third patient (Case 6), in whom a com- 
plete remission in fits has taken place, showed a striking improvement in the 
record, in that the slow (delta) waves were no longer present and the sharp waves 
and spikes also disappeared (Fig. 6). This result reminds one of the electro- 
encephalographic studies in pernicious anaemia before and after vitamin-B,, 
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Fic. 7. Formulae of folic acid and the anticonvulsant drugs. The 
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therapy (Walton, Kiloh, Osselton, and Farrall, 1954). The untreated patients 
frequently showed abnormal tracings, with delta activity, spikes and sharp 
waves, and occasional paroxysmal discharges of epileptiform type. These 
changes, which are not seen in other anaemias, occurred independently of the 
degree of anaemia; they were considered to result from a specific defect in 
cerebral metabolism, and were generally corrected by treatment with vitamin 
Bye. 
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It appears that slight but significant degrees of macrocytosis are not un- 
common among epileptics treated with anticonvulsant drugs. Macrocytosis has 
persisted over a period of two years’ observation, and usually occurs in the 
absence of anaemia or disturbances in the other blood elements as assessed by 
present-day techniques. The macrocytosis is probably an indication of defective 
nucleoprotein synthesis, and may be the forerunner of megaloblastic anaemia. 
It must be emphasized that, although the former condition is quite frequent, the 
latter is rare among such patients. There is no doubt that phenytoin causes both 
macrocytosis and megaloblastic anaemia, and our study, using the mean corpus- 
cular volume as the criterion, indicates that phenobarbitone may act similarly. 
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We have inferred that phenobarbitone may also cause a megaloblastic anaemia. 
Both the macrocytosis and the megaloblastic anaemia are corrected by folic 
acid, and either may be present without any of the known toxic effects of the 
anticonvulsant drugs, such as skin lesions, effects on the central nervous system, 
bone-marrow aplasia, or liver disturbance. This fact suggests, not an isolated 
drug hypersensitivity, but the result of the cumulative effect on some metabolic 
process. It is interesting to speculate upon the possible mode of action of these 
drugs, and a certain similarity in their formulae is obvious (Fig. 7). In phenytoin 
there is a five-membered hydantoin ring, and in primidone and phenobarbitone 
there is, instead, a six-membered pyrimidine ring. The pyrimidine ring is also 
an essential part of the structure of folic acid (pteroylglutamic acid). The 
pyrimidine ring itself is a vital substance that takes part in a number of funda- 
mental processes both in animal and plant life, and is one of the essential pre- 
cursors necessary in cell synthesis. The exact positions of the vitamins B,, and 
folic acid in the growth of the cell are at present unknown, and the riddle of 
their interchangeable roles in the type of anaemia under discussion, as in 
pernicious anaemia, must remain unexplained. A modification of the theory of 
Jukes, Broquist, and Stokstad (1950) by Nieweg, Faber, de Vries, and Kroese 
(1954) is as follows: 


—> Ribosenucleic acid 


Precursors of pyrimidine bases —-> Uracil -> Thymine —> Deoxyribosenucleic acid 
Vitamin B,, Folic acid 

It seems reasonable to suppose that the anticonvulsant drugs may act as 
competitive inhibitors of some cellular enzyme-system at an early stage in the 
synthesis, perhaps at the precursor stage, since some of the patients respond to 
vitamin B,, and others to folic acid. It is of great interest that two patients had 
signs of subacute combined degeneration of the cord. It is well recognized that 
some drugs can affect the organism by virtue of structural similarities to essential 
cellular constituents (Goodman and Gilman, 1955), and that such compounds 
can produce acute symptoms of avitaminosis by competitive inhibition. They 
sufficiently resemble the natural vitamins in structure to replace them as 
prosthetic groups in enzyme-systems, but cannot perform their essential func- 
tion in accordance with the Woods-Fildes hypothesis. Too little is known of 
cellular physiology to allow any interpretation of the mechanism of the action 
of drugs which alter cellular function, but it is probable that different parts of 
the drug molecule are concerned with different specific actions. The com- 
petitive interference of the anticonvulsant drugs is unlikely to be directly 
connected with their depressant effect on the epileptic activity of brain-cells, 
for their therapeutic effect is no way lessened when folic acid or vitamin B,, is 
given afterwards to prevent recurrence of the anaemia. 

Megaloblastic anaemia from drug therapy is likely to appear more common as 
cognizance of the condition increases, for it is easily misdiagnosed as pernicious 
anaemia, particularly since investigations may be difficult in epileptic patients 
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with a low mentality. It seems reasonable to suppose that it could be caused by 
any of the hydantoin series of drugs, as well as phenytoin and primidone, or by 
phenobarbitone and other barbiturates. The macrocytosis does not seem to be 
of practical significance, but further studies are being carried out to assess this 
point. The megaloblastic anaemia, however, is frequently serious, and could be 
fatal. Many aspects of the problem remain unexplained, and it is strange that 
certain patients develop the anaemia, others show macrocytosis alone, and the 
remainder maintain a normal blood picture. It is probable that the striking 
reduction in the number of fits in the treated patients is significant, and that 
blocking of vitamin B,, and folic acid is an important factor in lowering the 
threshold for the cerebral discharge producing the epileptic attack. 


We are grateful to Dr. R. J. Stanley and Dr. L. J. Segal, of Monyhull Hall 
Colony, and Dr. D. H. D. Paine, of St. Margaret’s Hospital, Great Barr, 
whose co-operation made this survey possible. Our thanks are also due to 
colleagues who have kindly allowed us to study their patients, particularly 
Dr. Gilbert Hall, Dr. J. M. Malins, and Dr. D. G. Richards. Dr. Michael Jeffer- 
son, from the Department of Neurology, kindly reported on the electroencephalo- 
grams, Dr. Robert Gaddie carried out the biochemical estimations, and Dr. 
J. A. H. Waterhouse, from the Department of Statistics, advised us. The 
appointment of a technician, Miss A. E. White, was made possible by a Research 
Grant from the Birmingham Regional Hospital Board. 


Summary 

1. Slight but significant degrees of macrocytosis occur among patients 
receiving either phenytoin or phenobarbitone. 

2. It is suggested that the macrocytosis is an index of a disturbance in nucleo- 
protein metabolism, and is corrected by folic acid. 

3. The clinical and haematological features of drug-induced macrocytic 
anaemia are given. 

4. Correction of the anaemia has resulted in a striking reduction in the number 
of fits. 


APPENDIX 
Methods 
Vitamin-B,, assay in serum (modified from Thompson, Dietrich, and Elvehjem, 
1950). Preparation of extract: about 20 ml. of blood is allowed to clot, and the 
serum removed. To 5 ml. of serum add 5 ml. of 1 per cent. acetate buffer at 
pH 4-6 and 20 ml. of distilled water. This gives a 1 : 6 dilution at pH 5-1. After 
thoroughly mixing, cover the tube with a tight-fitting rubber bung and glass 
outlet. Boil for 30 minutes, cool, and centrifuge. Take 9 ml. of supernatant fluid 
and adjust pH to 6-9; make the volume up to 15 ml. with distilled water. The 
final serum dilution is now 1: 10. For the assay take 2, 3, 4, and 5 ml., and make 
each tube up to 5 ml. with distilled water. Standard curve: standard stock 
solution of vitamin B,, in sterile 0-02 m Na,HPO, buffer at pH 6-8 is used. Tubes 
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containing 0-025, 0-05, 0-075, 0-1, 0-125, 0-15, and 0-2 wmg. of vitamin B,, in 5 ml. 
quantities are set up, with one tube containing 5 ml. of distilled water only. To 
the standard and test add 5 ml. of rehydrated B,,-assay broth (Difco), making a 
total volume of 10 ml. in all tubes. Tubes are autoclaved at 121° C. for three 
minutes ; when cool, inoculate with one drop of an overnight culture. Incubate 
for 72 hours at 37°C, and measure acid production with a pH-meter. The 
results are expressed as pug. per ml. The organism used is Lactobacillus 
leichmannii, N.C.1.B. 7854, and is maintained on micro-assay agar (Difco). 

Urinary folic acid assay (modified from May, Hamilton, and Stewart, 1952). 
A 24-hour specimen of urine is collected in a Winchester bottle containing 10 ml. 
of toluene and 0-2 g. of sodium bicarbonate. The total volume is measured. A 
portion is filtered and the pH adjusted to 7. One ml. of urine is diluted with 
9 ml. of distilled water, and double diluted for 12 tubes in 5 ml. quantities, 
giving a range of 1 : 10 to 1 : 20,480. To each dilution 5 ml. of folic-acid assay 
broth (Difco) are added, making 10 ml. in each assay tube. Standard curve: 
tubes containing 0-001, 0-002, 0-004, and 0-006 yg. of folic acid in 5 ml. of dis- 
tilled water are set up, and 5 ml. of folic-acid assay broth is added, making a 
total volume of 10 ml. Tubes are sterilized at 121° C for three minutes. When 
cool, inoculate with one drop of an overnight broth culture of Streptococcus faecalis 
(N.C.I.B. 8123). Incubate for 20 hours at 37° C ; measure turbidity with a neph- 
elometer. Plot the standard curve, and read the unknown from this graph. The 
following formula gives the folic-acid excretion in mg. in 24 hours: 


Volume of urine 
1,000 


Dilution x folic-acid concentration (reading from graph) x 
=mg. in 24 hours. 


All media are obtained from Baird and Tatlock, Ltd., London. Both organisms 
are obtainable from the National Collection of Industrial Bacteriology. 


REFERENCES 


Badenoch, J. (1954) Proc. roy. Soc. Med. 47, 426. 

Berlyne, N., Levene, M., and McGlashan, A. (1955) Brit. med. J. 1, 1247. 

Chalmers, J. N. M., and Boheimer, K. (1954) Lancet, 2, 920. 

Dunlop, D. M., and Scarborough, H. (1935) Edinb. med. J. 42, 476. 

Fuld, H. (1955) Brit. med. J. 1, 1475. 

——— and Moorhouse, E. H. (1956) Ibid. 1021. 

Girdwood, R. H. (1953) Lancet, 2, 53. 

—— (1956) Quart. J. Med. n.s. 25, 87. 

and Lenman, J. A. R. (1956) Brit. med. J. 1,146. 

Goodman, L. 8., and Gilman, A. Z. (1955) The Pharmacological Basis of Therapeutics, 
2nd ed., New York. 

Gottlieb, B. (1945) Brit. med. J. 2, 119. 

Hawkins, C. F., and Meynell, M. J. (1954) Lancet, 2, 737. 

Jukes, T. H., Broquist, H. P., and Stokstad, E. L. R. (1950) Arch. Biochem. 26, 157. 

May, C. D., Hamilton, A, and Stewart, C. T. (1952) Blood, 7, 978. 

Meynell, M. J., Cooke, W. T., Cox, E. V., and Gaddie, R. (1957) Lancet, 1, 901. 

Mogensen, E. (1938) Studies on the Size of the Red Blood Cells, Copenhagen. 

Nieweg, H. O., Faber, J. G., de Vries, J. A., and Kroese, W. F. 8. (1954) J. Lab. clin. Med. 
44, 118. 

Parsons, L. G. (1938) Lancet, 1, 65. 

Price-Jones, C. (1933) Red Blood Cell Diameters, London. 

Rhind, E. G., and Varadi, S. (1954) Lancet, 2, 921. 


= 
‘ey 
P 
~ 
: 
3 
x 
an 
| 


MACROCYTOSIS FROM ANTICONVULSANT DRUGS 


Ryan, G. M. S., and Forshaw, J. W. B. (1955) Brit. med. J. 2, 242. 

Stewart, C. P., Horn, D. B., and Robson, J. 8. (1953) Biochem. J. 53, 254. 

Stickney, J. M. (1952) Blood, 7, 114. 

Thompson, H. T., Dietrich, L. 8., and Elvehjem, C. A. (1950) J. biol. Chem. 184, 175. 

Vaishnava, H. (1955) Brit. med. J. 2, 791. 

Walton, J. N., Kiloh, L. G., Osselton, J. W., and Farrall, J. (1954) Electroenceph. clin. 
Neurophysiol. 6, 45. 

Webster, J. M. (1954) Lancet, 2, 1017. 

Whitby, L. E. H., and Britton, C. J. C. (1950) Disorders of the Blood, 6th ed., London. 


: i 
1 
‘ 
| 
20 
lt 
' 


i 

7 

j 

b 

‘ 

a 

le 

Ta 4 

: 


615.739.15-099 


THE DIAGNOSTIC AND THERAPEUTIC USE OF 
EDATHAMIL CALCIUM DISODIUM (EDTA, VERSENE) IN 
EXCESSIVE INORGANIC LEAD ABSORPTION? 


By W. J. H. LECKIE anp 8. L. TOMPSETT 


(From the Departments of Therapeutics and Clinical Chemistry, 
University of Edinburgh) 


Srvc the treatment of metallic poisoning by chelating agents was introduced 
by Bessman, Ried, and Rubin in 1952, the efficacy of calcium disodium ethylene- 
diamine tetra-acetic acid (EDTA) in assisting in the removal of excess of lead 
from the body has been established (Belknap (1952), Sidbury, Bynum, and 
Fetz (1953), Karpinski, Rieders, and Girsh (1953), Hardy, Elkins, Ruotolo, 
Quinby, and Baker (1954), Bessman, Rubin, and Leikin (1954), Byers and 
Maloof (1954), and Wade and Burnum (1955) in America ; and Giles, Moore, and 
Still (1955), Browne (1955), and Markus and Spencer (1955) in this country). 
The accepted dosage and administration of EDTA have been largely determined 
by work based on animal studies (Foreman, Hardy, Shipman, and Belknap, 
1953). There existe, however, a difference of opinion regarding its optimum dosage 
_ and mode of administration in patients suffering from excessive lead absorption. 
Bessman, Rubin, and Leikin (1954) considered that there was no clear relation- 
ship between the increase in lead excretion and the dose of EDTA employed. 
Their conclusions, however, are open to criticism in view of the fact that in their 
studies the drug was infused over a short period of time, and much of the 
administered dose may have been excreted without coming into equilibrium 
with the lead in the tissues. Markus and Spencer (1955), on the other hand, 
obtained a significantly greater excretion of lead in two patients given 4g. of 
EDTA daily than in another patient who received only half this dose. Neverthe- 
less, it is extremely difficult to compare the effect of different doses on different 
patients. 

Our interest in the subject was originally stimulated when a patient suffering 
from lead poisoning was treated with a relatively small dose of EDTA (0-5 g. 
twice daily) with excellent results, the values for lead excretion comparing 
favourably with those found in Markus and Spencer’s (1955) patients, who 
received a daily dose of 4 g. We therefore decided to attempt to determine the 
optimum dose of EDTA to be employed in the treatment of lead poisoning, and 
the best mode of administering it. Although its biochemical action and pharma- 
cological properties have been described by Karpinski, Rieders, and Girsh 
(1953), many anomalous features arise when an attempt is made to apply the 

* Received April 5, 1957. 
Quarterly Journal of Medicine, New Series XXVII, No. 105, January 1958. r 
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physiochemical equation of the chelation of lead by EDTA to the results of 
lead excretion obtained with EDTA therapy in a case of lead poisoning. An 
investigation was therefore planned to try to determine the factors responsible 
for modifying the action of this chelating agent in vivo. 

In any group of people exposed to the hazards of lead absorption a limited 
number of cases of frank lead poisoning will result. In the remainder, however, 
signs of toxicity will not appear—the skeleton having successfully immobilized 
the major part of the absorbed lead. There is good evidence to suggest that 
many forms of acute stress (Aub, Fairhall, Minot, and Reznikoff, 1925 ; Brown, 
1946) can bring about release of this skeletal lead and give rise to symptoms of 
lead poisoning. It seems justifiable, therefore, to treat with EDTA any patient 
in whom excessive lead absorption is suspected. The biochemical diagnosis of 
this condition is by no means easy. Levels of urinary lead excretion, while of 
some value in the diagnosis of acute lead poisoning, are notoriously unreliable 
in the assessment of excessive lead absorption. Further, lead determinations 
are lengthy and intricate procedures, especially where small quantities are 
concerned, and the method can be considerably shortened when concentrations 
of over 1 mg. per 2,000 ml. are involved. Ifa level of lead excretion of this order 
could be achieved by the use of intravenous EDTA in these patients, and if an 
upper limit of normal could be established, this drug would be a most useful 
diagnostic tool in industrial medicine. 


Patients Investigated and Methods 


The subjects consisted of eight men employed in a wire mill, and eight men 
suffering from pulmonary tuberculosis, the latter being used as controls. Seven 
of the wire mill workers (Cases 1 to 7) were constantly exposed to the risk of 
lead absorption by either inhalation (Blumgart, 1923) or ingestion. They all 
worked in hardening and tempering plants, where the wire was cooled at a 
certain rate by passing immediately from the furnace into a molten-lead bath, 
which was ‘sealed’ from the air by coke breeze. The wires then passed through 
sand on to overhead cooling lines. At times much of the lead was not removed by 
the sand, and when the wire was later handled it caused considerable contamin- 
ation of hands and clothes. Gloves had been provided, but were seldom used. 
Fine lead dust could be scattered from the wires and sand, and there was there- 
fore ample opportunity in the process (no longer used in this factory) for lead 
absorption to take place. Another worker (Case 8) had part-time employment 
as a ‘lead-burner’ (welding with lead), and on these occasions was subject to 
lead inhalation. His total time of exposure was short, but after a half-day of 
this work he had been shown to have a pathological degree of basophil stippling, 
and was therefore included in the ‘chronic lead absorption’ group. 

Symptoms of acute lead poisoning were present in only one patient (Case 1). 
Twelve days prior to admission he had collapsed at work with severe intestinal 
colic. On admission he was obviously ill. Marked pallor was present, and a 
‘lead-line’ was seen along the gingival margins. The remaining patients (Cases 
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2 to 16) have been divided into three groups. Groups I and II include those wire 
mill employees who were found on routine examination to have punctate baso- 
philia. None had symptoms of lead poisoning other than the presence of a 
metallic taste in the mouth. The only measure of lead absorption available 
was the urinary coproporphyrin excretion, and it was on this basis that they 


TaBLeE 
Clinical and Laboratory Findings in Case 1 and Groups I and II 


Urine coproporphyrin 


8 (ug./100 mi.) 


Body-weight (kg.) 
Creatinine clearance 
(ml./min.) 


ah 


330 124/76 ++ Yes 


a 
is) 
8 


SB Age (years) 
Haemoglobin (%)* 


85 124/78 + Edentu- 
lous 


80 120/80 ++ 
200 124/76 — 
80 12690 + 
50 156/70 — 
60 110/70 — 


124/76 — 


S sb 


* Haemoglobin: 100 per cent. = 14-8 g. per 100 ml. 


were divided. Group I consisted of the four patients in whom the level of urinary 
coproporphyrin was considered to be significantly raised, the remainder being 
classified in Group II. The relevant clinical features and laboratory findings in 
Case 1 and Groups I and II are summarized in Table I. Group III (the control 
group) consisted of eight male patients whose ages ranged from 23 to 72, and 
who were all suffering from quiescent or mildly active pulmonary tuberculosis. 
None of these patients could possibly have been exposed to the risk of abnor- 
mally high lead absorption in the previous six months. 

Patient No. 1 was initially treated with two four-day courses of EDTA 
separated by a three-day rest period. Each course consisted of 0-5 g. of EDTA 
given intravenously over three hours twice daily at 9 a.m. and 7 p.m. He was 
readmitted seven weeks later, and another identical four-day course was 
repeated. He had not returned to work in the interval. Twenty-four-hour 
estimations of urinary lead were made throughout, and the plasma-bicarbonate 
levels were frequently noted. Each course was preceded by a control period. 
The patients in Group I were used to compare the effects of different concen- 
trations of EDTA, given over varying periods of time, on lead excretion. EDTA 
was administered intravenously at 48-hour intervals. Previous work had indi- 
cated that lead excretion returned to nearly normal values within 48 hours of 
discontinuing the drug, and Foreman, Vier, and Magee (1953), in their studies 
on rats, indicated that only 0-5 per cent. of the administered dose was still 


i 
Symptoms 
1. 3/12 Colic, constipation, tiredness, 
nausea, and metallic taste ia = 
2. 69:9 12,2000 + 56 Po 7 Slight tiredness, constipation, 3 > 
colic 5 months previously, ae 
dry taste ey 
3. 61-1 88 9,200 — 100 110 No 4/12 Tiredness, metallic taste _ 
4. 55 103 8,000 — 50 133 No % Sleeplessness, metallic taste ae 
103 8,200 — 20 «89 Yes Malaise ! year, tiredness 1 year, 
metallic taste 
6. 643 113. 9,800 — 16 164 Edentu- 64 None 
lous 
7. 675 43 85 9,000 — 8 140 Edentu- 10/12 Tiredness, metallic taste 
lous 
8 743 37 100 7,800 — 418 Ea No 3 Bouts of colic and anorexia om 
(occa- 
sional) 
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present in their animals 48 hours after giving it, 95 to 98 per cent. appearing in 
the urine within six hours. Nevertheless, to avoid any fallacies produced by 
cumulation, EDTA was given in increasing doses to one half of the patients, 


II 


Group III (Control Subjects) 
Urine lead (yg./24 hrs.) with 
Urine lead 2g. EDTA given intra- 

Occupation Habitat (yg./24 hrs.) venously in 6 hrs. 
Labourer Town 650 
Clerk Town 280 
Labourer Town 460 
Chauffeur Town 480 

and mechanic 
Painter Town 490 
Merchant Various 

Navy seaman 
Clerk Country 
Labourer Country 


Taste III 


Scheme of EDTA Administration in Group I 
Day 


5 7 9 
EDTA (g.) 


1 0-25 0-05 
2 4 


3 


0-025+ 
0-025 
0-05 
and in decreasing doses to the other half (Table III). This practice was also 
followed in Group II. Total urinary lead and EDTA levels were in general 
measured in a succession of 12-hour samples, the collection of every fourth 
sample being followed by the next infusion. The plasma pH and bicarbonate 
were also estimated before each infusion. The investigation of the patients in 
Group II was designed to elucidate some of the observed anomalies of the action 
of EDTA in vitro. EDTA was administered so as to reach high blood concen- 
trations (1 g. in one hour) in order that the amounts excreted hourly should be 
sufficiently large to allow comparison between the rates of lead and EDTA 
excretion in the urine. Then, in Cases 6 and 7, the action of parathormone and 
hydrocortisone, used in conjunction with EDTA, was assessed (Table IV). 
One hundred and twenty U.S.P. units of parathormone were administered by 
subcutaneous injection at the beginning of one infusion, and 200 mg. of hydro- 
cortisone added to the second infusion. The daily calcium intake was main- 
tained at below 0-1 g. per day during the period of these investigations. Again 
the plasma pH and bicarbonate were estimated immediately before starting the 


Case Age 

number (years) 

4 72 

10 65 

12 50 

13 34 

14 29 
15 24 

Case 3 11 Drip time 

number (hrs.) 

3 0-05 0-25 6 7 
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infusions. In Case 8 an attempt was made to determine the effect of lowering 
plasma pH on the lead excretion obtained with EDTA, and on the rate of EDTA 
excretion. Accordingly, 24 hours after receiving his first dose of EDTA, this 
patient was given acetazolamide 0-25 g. four times daily and ammonium chloride 
2 g. three times daily. The plasma pH and bicarbonate were noted each day, 
and after five days a repetition of the first infusion was carried out. The patients 


TaBLe IV 
Scheme of EDTA Administration in Group II 
Day 


5 
EDTA (g.) 


1(Ph) 1 (He) 


1(He) 1 (Ph) 
1 Acetazolamide (diamox) 1 
and ammonium chloride 


Ph: parathormone, 120 U.S.P. units, intramuscular. 
He: hydrocortisone, 200 mg., intravenous. 


in Group III were each given a dose of 2 g. of EDTA intravenously over six 
hours, and the resulting lead excretion compared with that of the preceding 
24 hours (Table II). EDTA was made up in isotonic saline. Infusions lasting 
between one and six hours consisted of 540 ml., and infusions lasting 12 hours 
of 1,080 ml. 


Chemical Methods 

Urine was collected in lead-free glass containers. Methods described by 
Tompsett (1956) were used for urinary lead estimations. A modification of the 
method described by Darby (1952) was used for urinary EDTA estimations. 
Venous blood for the estimation of plasma bicarbonate and pH was withdrawn 
into heparinized all-glass syringes below paraffin, and transferred immediately 
to the laboratory. The pH was estimated by means of a Pye’s pH-meter 
(accurate to 0-01) and the bicarbonate by means of Van Slyke’s apparatus in 
the usual manner. 


Results 
Lead available for chelation is permanently reduced by an adequate course of 
EDTA therapy.: Fig. 1 shows that a most satisfactory excretion of lead in the 
urine was obtained in the case of lead poisoning by giving 0-5 g. EDTA over 
three hours twice daily, in four-day courses. As the second course produced less 
than half the excretion resulting from the first—three days separating the 
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Fic. 1. Urinary lead excretion in Case 1. A = first admission ; 
B = second admission. 


3 DOSE OF EDTA 


SS 


URINE PbEXCRETION (yg/48HRS) 
DOSE OF EDTA (mg.) 


CASE: 2 4 213 21314 
Fie. 2. Variation of urinary lead excretion with the level of EDTA dosage in 
Cases 2, 3, 4, and 5. 
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courses—it appeared that the available lead was being rapidly eliminated. The 
question then arose as to whether there was a further quantity of lead, at 
present toojfirmly bound in the body for chelation with EDTA, which would 
gradually become available as equilibration between these presumed depots 
and other tissues took place. Accordingly an identical course was given seven 


TABLE V 
Effect of Rate of Infusion 
Duration of infusion. 
hr. 6 hrs. 12 hrs, 
Dose of 
Lead excretion (yg./48 hrs.) 
890 


1,850 
1,060 


1,430 


TaBie VI 
Lead excretion in Case 5 
Dose of EDTA Urinary lead excretion 
(ug./48 hrs.) 

3,660 

4,110 

1,430 

710 


weeks later. This produced 7 mg. of lead, in contrast to the second course, 
which had produced 8-4 mg. It seemed, therefore, that little lead not previously 
accessible had become available, and that it was a fair assumption that the lead 
available for chelation had been permanently reduced by an adequate course of 
EDTA therapy. Presumably, therefore, the recurrence of lead poisoning, with- 
out further lead absorption, was extremely unlikely. The plasma-bicarbonate 
remained constant throughout, and the creatinine clearance remained unaltered 
by therapy. 

Optimum dosage. Fig. 2 shows that there is a remarkably consistent variation 
in the response of urinary lead excretion to different doses of EDTA in a variety 
of subjects suffering from excessive lead absorption. It will be seen that in- 
creasing the dose above 2 g. did not significantly raise the figures of urinary 
lead excretion. Doses of 1 g. and 0-25 g. gave somewhat lower figures, though the 
reduction was not proportionate. It was significant that in one subject (Case 5) 
50 mg. of EDTA caused the excretion of 1,430 yg. of lead, whereas 80 times that 
dose (4 g.) increased the excretion to only 3,660 yg. 

Optimum duration of infusion. The time taken for infusion was of importance 
in achieving a good excretion of lead. Giving the infusion over six hours 
achieved almost double the urinary lead excretion obtained when it was given 
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EDTA} |EDTA| |EDTA 
1HR 6 HR 6 HR 
Pp HC 


P =PARATHORMONE 

(20 UNITS) 
HC= HYDROCORTISONE 
(200 mg) 
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Fic. 3. Comparison of the urinary lead excretion resulting from 
infusions of EDTA (1 g.) combined with parathormone and 
hydrocortisone therapy. : 
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Fic. 4. The effect of lowering plasma 
pH on urinary lead excretion after 1 g. of 
EDTA (|) in Case 8. 
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over one hour, despite the high concentration in the blood which must have 
been reached with the shorter infusion (Table V). In the doses given to this 
group of subjects, results did not suggest that 12-hourly was preferable to 
6-hourly administration, but, in retrospect, it would have been interesting to 
compare the two methods using doses of 4 g. The lead excretion obtained by 
dividing the daily dose into two—giving each infusion over three hours, one 
nine hours after the other—was not significantly higher (Table VI). 


of plasma pH in Case 8. 

Parathormone and hydrocortisone in conjunction with EDTA. In Fig. 3 the 
results as regards urinary lead excretion, when single doses of parathormone and 
hydrocortisone were given in conjunction with EDTA, are compared. Un- 
fortunately, as these infusions were given over six hours and the infusion of 
EDTA alone was given over one hour, comparison with the control excretion is 
not strictly valid. If, however, the previous information is taken into account, 
it appears that parathormone had no effect in increasing lead mobilization and 
elimination with EDTA, and that hydrocortisone actually suppressed this 
effect. In Case 7, in which this suppression was most evident, the urinary volume 
was decreased from the normal value of about 1,800 ml. to 800 ml., the fluid 
intake being constant. Nevertheless, there was no delay in the excretion of 
EDTA in either case. Plasma pH and bicarbonate remained constant through- 
out. 
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Low plasma pH and urinary excretion of lead and EDTA. Patient No. 8. as 
was suggested by the nature of his employment, had little available lead, and 
the results may not be significant. The plasma pH was lowered from 7-48 to 
7-1, and the plasma-bicarbonate from 27 m-equiv. to 16 m-equiv. per litre, and 
only a slight decrease in urinary lead excretion was observed with the second 


VII 


Rate of Elimination of EDTA with Different Doses and in Different 
Subjects 
Case 12 hrs. 12-24 hrs. 24-48 hrs. Total 
Dose number (g-) (9-) (g-) (g-) 
2 3-414 0-472 0-144 4-030 
3 3-742 0-054 0 3-796 
5 3-368 0-441 0-160 3-969 
2 1-313 0-440 0-120 1-873 
3 1-808 0-062 0 1-870 
2 0-872 0-050 0-105 1-027 
3 0-890 0-025 0 0-915 
4 1-020 0 0 1-020 


course of EDTA (Fig. 4). It was noted that the 24-hour urinary lead excretion 
began to rise as the plasma pH began to fall, which perhaps explained why the 
lead excretion in the first hour following EDTA administration was higher on 
the second occasion (Fig. 5). The pattern of EDTA excretion was altered in a 
remarkable manner. It appeared as though either a low plasma pH or acetazol- 
amide itself had the effect of increasing the rate of urinary excretion of EDTA. 

The rate of EDT A excretion and its relation to glomerular function. The results 
included in Table VII illustrate the general finding that, with doses of up to 
4 g., 90 to 100 per cent. of the EDTA administered was excreted in the urine 
within six hours of discontinuing the infusion. This finding confirmed the 
results obtained by Foreman, Vier, and Magee (1953) on rats with C-labelled 
EDTA. In Cases 2 and 5 excretion was delayed, especially in Case 2. Both 
these subjects had been shown to have significantly depressed creatinine 
clearance values when compared with the others (Table I). A similar tendency 
towards delay in lead excretion was noted. 

Comparison of the rates of lead and EDTA excretion in the urine. The pattern 
of lead and EDTA excretion in the urine, produced after the infusion of 1 g. 
over one hour, was followed more closely in Cases 6 and 7 (Fig. 6). In Case 6 
the peak of EDTA excretion was achieved during the second hour, and in Case 
7 during the third. Foreman, Vier, and Magee (1953) have already shown that 
EDTA is excreted unchanged in the urine, and furthermore that its rate of 
excretion varies with its concentration in the blood. The only possible ex- 
planation of our results in this respect, in Case 7 at any rate, was incomplete 
emptying of the bladder. Urinary lead excretion reached its maximum two to 
three hours after discontinuing the infusion, and remained high for two or 
three hours thereafter, in spite of the fact that EDTA excretion had fallen to 
very low levels. Here, then, was further evidence of the presence of some 
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factor or factors delaying the in vivo action of EDTA in chelating lead bound in 
the tissues—again suggesting that the concentration of EDTA was of minor 
importance in bringing this about. 

Urinary lead excretion in control subjects after a standard infusion of EDTA. 
The results of observation in Group III are set out in Table II. The lead 
excretion obtained when EDTA was administered to control subjects varied 
between 220 and 650 yg. in 24 hours. The number of subjects studied was 
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Fic. 6. Comparison of urinary lead and EDTA excretion rates, 
after the infusion of 1 g. of EDTA (V) over 1 hour, in Cases 6 
and 7. 


insufficient to prove whether the amount of lead chelated was related to age, 
which has, of course, a bearing on the total lead content of the body (Minot, 
1938), but it did not appear that this was a factor. It was interesting that the 
daily urinary excretion of lead in the control subjects, who were all receiving a 
similar diet, varied between 19 ug. and 190 yg. in 24 hours, values lying within 
much the same range as that found in the patients suffering from excessive lead 
absorption (50 to 200 wg. in 24 hours). 

Diurnal variation in ‘control’ urinary lead values. Almost without exception, 
it was noticed that there was a diurnal variation in urinary lead excretion in 
the control specimens collected in Groups I and II. Lead excretion during the 
day was as much as double or treble the overnight excretion ; this finding was 
ascribed to the fact that lead was absorbed only during the day, and that much 
of it was excreted before becoming bound in the tissues. 

Diagnostic levels of urinary lead excretion obtained with EDTA. As would be 
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expected, the only possible diagnostic index was provided by estimation of the 
total lead excretion in the urine as the result of EDTA therapy, and not by any 
comparison between values before and after treatment. For example, the 
increase in lead excretion in the cases of excessive absorption varied between 
20 and 40 times, and in Group III between three and 25 times the control values, 
so that there was a considerable overlap. On the other hand, the lowest level 
of urinary lead excretion obtained with EDTA (1 to 2 g. doses in six-hour in- 
fusions) in Groups I and II (excluding Case 8) was 1,700 yg. in 24 hours, and the 
highest in Group III 650 yg. in 24 hours. 


Discussion 

The distribution of lead in body tissues. Tompsett and Anderson (1935) 
showed that lead was present in all the tissues examined at autopsy of persons 
with no known occupational exposure to lead. Their finding, that by far the 
highest concentration of lead occurs in bone, has general agreement. Never- 
theless there is still some doubt as to the precise means by which lead is bound 
in the body. Aub, Fairhall, Minot, and Reznikoff (1925), while investigating 
the absorptive capacity of bone for lead, found that a lead perfusate gained 
calcium in proportion to the lead which it lost when it was perfused through 
pulverized bone. They considered that these in vitro studies could probably be 
applied to the process occurring in living bone. They suggested that the lead 
was stable in the triple-phosphate form, but that either bone resorption or 
change in the pH of the body fluids could result in liberation of some lead by 
formation of the less stable lead diphosphate. This theory would account for 
the threefold increase in lead excretion in cases of excessive lead absorption 
treated with ammonium chloride. More recently MacDonald, Ezmirlian, Spain, 
and McArthur (1951), using ‘back reflection’ crystallographic methods, have 
suggested that the hydroxyapatite crystal of bone has various sites in its lattice- 
work in which lead may be held, and also that the lead may be bound in some 
situations in preference to others. They could not determine whether Pb++ 
was deposited in the lattice interstices or replaced Ca++ at lattice points, but 
Aub, Fairhall, Minot, and Reznikoft’s work would suggest that the latter is the 
case. They also suggested that whereas lead might be absorbed initially on to 
the surface of the hydroxyapatite unit, it would gradually enter more deeply 
into the lattice framework. In lead poisoning, lead is also found in excess 
throughout body tissues, attached to the sulphydryl groups of the aminoacid 
constituents of proteins, including glutathione and coenzyme A (Bessman, 
Rubin, and Leikin, 1954; Maison, 1953). 

The biochemical and pharmacological properties of EDTA. At the pH of the 
body fluids Pb++ is taken up preferentially in exchange for Ca++ attached to 
the EDTA molecule, and a comparatively stable lead-EDTA complex is formed 
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affinity of the sulphydryl groups for lead. One molecule of lead is bound to one 
molecule of EDTA, so that theoretically 1-3 millimoles of EDTA, equivalent to 
0-5 g., are capable of producing the excretion of about 260 mg. of lead. EDTA 
is absorbed poorly from the gastrointestinal tract (over 90 per cent. is usually 
eliminated in the faeces), and in high oral dosage may cause diarrhoea. It may 
be administered intravenously, intramuscularly, or subcutaneously, but the 
intravenous route is preferable, as administration may then be continued with 
greater facility over considerable periods of time. Foreman, Vier, and Magee 
(1953), using #“C-labelled EDTA in rats, considered that it was rapidly distri- 
buted throughout most body tissues. Unfortunately this conclusion was based 
on a miscalculation, for they estimated the dilution volume of the administered 
EDTA from its concentration in whole blood. As they had already shown that 
EDTA could not enter the red-cell mass, their calculation should have been 
based on its concentration in plasma. Allowing for the fact that plasma is 90 
per cent. water, a dilution volume of approximately 65 ml. (26-5 per cent. of 
body weight) would have been obtained—half the volume which they recorded. 
The extracellular compartment of this animal should contain about 20 per cent. 
of its body weight of water, and the intracellular compartment about 45 per 
cent. It would therefore appear that there are many other cell membranes 
which, like the red-cell membrane, are impervious to EDTA. Some EDTA 
may be held loosely in the hydroxyapatite crystal, and in this respect it is 
interesting to note further information in the same paper concerning the oon- 
centration of EDTA in different tissues one and a half, six, and 24 hours after 
its administration. At one and a half hours, when the concentration is still 
high, the figures (excluding those for the kidney and gastrointestinal tract 
where EDTA is concentrated) suggest that, if EDTA is present intracellularly, 
it can only be in small amounts. The concentrations at six and 24 hours indicate 
that it is removed from different tissues at different rates. It might be inferred 
that some EDTA is present intracellularly in those tissues from which it takes 
longest to be eliminated. If EDTA were evenly distributed throughout the 
body water, it would be expected that there would be six times as much in 
muscle as in bone. In fact it is noted at six hours that there is twice as much in 
bone as in muscle. Accordingly, either EDTA is preferentially stored in bone, 
or its rate of release from this site is delayed. 

The action of EDTA in lead poisoning. In lead poisoning, lead so outstrips 
the subject’s capacity to absorb it into the trabecular structure of the skeleton 
(Gant, 1938) that the lead concentration in the blood rises, and signs of toxicity 
appear, the lead then combining and interfering with certain enzymes con- 
taining sulphydryl groups. It seems reasonable to suppose that EDTA quickly 
chelates lead circulating in the extracellular compartment, and probably most 
of the lead in that part of the intracellular compartment which it is able to 
reach. The rest of the intracellular compartment will gradually lose lead as it 
migrates back into the extracellular fluid, where the lead concentration is 
reduced. Bessman, Rubin, and Leikin (1954) treated a series of patients suffer- 
ing from lead poisoning, and observed a rapid amelioration of symptoms in all 
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but one of them. This patient, after an initial improvement and the excretion 
of the greater part of her first dose of EDTA, relapsed and died, no further dose 
having been given. At autopsy acute cerebral oedema was found, and the 
death was ascribed to lead poisoning. Their experience would suggest that in 
this patient one dose of EDTA did not lower the concentration of intracellular 
lead sufficiently to prevent redistribution occurring on withdrawal of the drug, 
and further involvement of enzyme systems taking place. In cases of acute 
lead poisoning it would therefore appear to be advisable to maintain contin- 
uous administration of EDTA for a period of perhaps 48 hours, or at least to 
administer the drug parenterally for six hours in every 12 for the same period. 

It is known that EDTA, even in a dose as small as 0-5 g., should be able to 
chelate 260 mg. of lead. In fact, an excretion of over 6 mg. of lead in 24 hours 
has rarely been recorded after any dose. In patients with acute lead poisoning 
treated within a few days of diagnosis, the first or second day’s lead excretion 
is usually the highest, excretion then falling with body concentrations. But 
when there is a greater gap between diagnosis and treatment, and in cases of 
chronic lead absorption without symptoms of poisoning, lead excretion with 
treatment may remain at the same level for many days, sometimes reaching a 
peak on the third or fourth day. All these facts again suggest that there are 
intracellular sites of lead storage, or sites within the hydroxyapatite crystal, 
in which EDTA cannot chelate lead, but which lead will leave as the surrounding 
concentrations fall. It may also be that a small amount of EDTA passes into 
these sites when its extracellular concentration is high. Its passage back into the 
extracellular fluid will be slow, as the concentration gradient will be much 
lower, and will depend to some extent on therapy being of an intermittent 
nature. 

Patients with an excessive absorption of lead, without symptoms or signs of 
lead poisoning, may have a lead excretion within normal limits, though they 
will excrete abnormally high amounts as a result of EDTA therapy. In these 
cases lead is still available for chelation, though absorption must have been 
sufficiently slow for the hydroxyapatite formation to be able to cope with it. 
As already mentioned, lead appears to be bound at different sites within this 
formation and possibly, in addition, loosely adsorbed on to the surface of the 
hydroxyapatite crystal. When lead is bound in some of these sites, the hydroxy- 
apatite complex can successfully compete for it with EDTA. Much of the lead 
appears to be held in this manner in normal persons who have gradually accumu- 
lated it over the years, but have never been exposed to abnormally high con- 
centrations. The diagnosis of recent excessive absorption of lead can therefore 
be made by the intravenous administration of EDTA and the estimation of 
urinary lead. 

These theoretical considerations can now be correlated with the results 
obtained in the present study. 

Optimum dose and method of administration of EDTA. It was found that 
maximum elimination of lead in cases of chronic lead absorption depended on 
the dose of EDTA and the length of time over which it was administered. As it 
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is competing, at least in bone, with substances which apparently have a compar- 
able affinity for lead, and as it also appears to have difficulty in entering some 
compartments of the body, it might be expected that concentration would be 
a factor of some importance, certainly in the lower range of doses. This was 
found to be the case in comparing different doses given over six hours. In view 
of the rapid elimination of EDTA from the body and the importance of con- 
centration, it was not surprising to find that the length of time over which the 
drug was administered was of even greater significance. The intermittent 
nature of the therapy is probably also of some importance. Foreman, Vier, and 
Magee (1953) have shown that a significant amount of EDTA (at any rate in 
terms of lead excretion) is still present in the tissues 24 hours after its adminis- 
tration, and it is interesting to note that lead excretion in the second 12-hour 
period, after doses of 1 g., 2 g., and 4 g. of EDTA given over six hours, was as 
much as 30 per cent. of that observed in the first 12 hours. Excretion remained 
between twice and 10 times the normal for the next 24 hours, favouring the 
suggestion that the removal of some of the intracellular or bone-bound chelated 
lead from the tissues is slow. No great advantage was observed to accrue from 
dividing the dose of EDTA and giving it in two infusions separated by nine 
hours. 

The optimum dose is 2 g., and this should be administered in an intravenous 
infusion of saline over six hours daily, in five-day courses separated by three or 
four days. In order to avoid excessive laboratory estimations, the total amount 
of lead in the second 24-hour sample of urine in each course should be esti- 
mated. The result ought to be available before the next course is begun, and 
when urinary lead excretion is reduced to less than 1-5 mg. in 24 hours it may 
be assumed that the greater part of the available lead has been removed. Wade 
and Burnum (1955), when discussing the possible toxic effects of EDTA, 
stated that it had not yet been conclusively demonstrated that the drug would 
not inactivate some metal-containing enzyme systems, as occurs in BAL poison- 
ing. This is still probably a valid argument for limiting the total dose of the 
drug administered in any one course to 5 g. per 30 lb. of body weight, as recom- 
mended by Foreman, Hardy, Shipman, and Belknap (1953). 

Factors influencing the action of EDTA in. chelating and removing lead from 
the body. Aub, Fairhall, Minot, and Reznikoff (1925) remarked on the fact 
that symptoms of lead poisoning could occur in a person who had recently 
absorbed excessive quantities of lead if he were subjected to stress. They 
quoted several authors who had reported this phenomenon consequent upon 
such varied stresses as pneumonia and influenza, malnutrition, chronic disease 
such as chronic nephritis, and injury. The metabolic effect of a single dose of 
cortisone might not be expected to be comparable to the effect of generalized 
stress in an otherwise healthy subject ; nevertheless some slight increase in lead 
excretion might have been anticipated. It was therefore surprising to observe, 
in both patients to whom hydrocortisone was given in conjunction with EDTA, 
a significant reduction in urinary lead excretion. It is inconceivable that 
cortisone has any direct effect on the biochemical process of chelation. It is 
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known that cortisone owes much of its antiphlogistic power to lessening the 
permeability of serous membranes, and to a lesser extent of cell-membranes in 
general, and it is possible that the passage of lead across the cell-membranes 
was inhibited. It must be presumed, however, that most of the lead is mobilized 
from bone. Cortisone also raises the glomerular filtration rate, but unfortunately 
no attempt was made to assess any increase in the rate of excretion of EDTA 
with hydrocortisone, although it is known that excretion was not delayed. It 
is possible that a combination of these two factors—lowered permeability of 
cell-membranes and increased glomerular filtration—was responsible for the 
reduced excretion of lead, but the explanation is not a very convincing one. 

Brown (1946) showed that skeletal lead was mobilized in metastatic bone 
disease and in conditions in which there was marrow hyperplasia. Aub, Fair- 
hall, Minot, and Reznikoff (1925) trebled the lead excretion in cases rather simi- 
lar to ours by using parathormene combined with a low-calcium diet, and by 
lowering plasma pH with ammonium chloride, thus mobilizing skeletal calcium. 
Parathormone causes hypophosphataemia and consequent hypercalcaemia 
within two or three hours of its administration. The calcium is mobilized from 
the skeleton, provided that intestinal absorption of calcium is reduced. Aub, 
Fairhall, Minot, and Reznikoff (1925) achieved the resultant increase in lead 
excretion two or three days after starting parathormone; the time-interval is 
an interesting feature, since antihormones develop rapidly. Probably, in spite 
of the low calcium intake, the fact that parathormone was given on only one 
day in the present investigation limits any conclusions to be drawn from the 
results. There appears, however, to be little point in combining parathormone 
with EDTA therapy, for there is every indication that EDTA, given time, will 
remove all the lead available for rapid mobilization in times of stress. 

For a different reason, in our attempt to assess the effect of lowering the 
plasma pH on lead excretion with EDTA, the results were probably not signifi- 
cant. The subject was not suffering from excessive lead absorption, but it was 
interesting that, although lead excretion rose coincidentally with a fall in pH, 
there was a 25 per cent. reduction in the lead excretion obtained with EDTA 
compared with the previous control result. It was thought that the rapid ex- 
cretion of EDTA on the second occasion might have been responsible for this 
reduction, although it has been suggested that EDTA chelates lead best in the 
pH range of 7-4 to 7-8. 

Excretion of EDTA and glomerular function. Foreman, Vier, and Magee 
(1953) stated that excretion of EDTA is a function of glomerular filtration and 
active tubular excretion. It was interesting, therefore, that the only two 
patients in whom elimination of EDTA was delayed had already shown dimin- 
ished creatinine-clearance values. These two men had been almost continuously 
exposed to the risk of excessive lead absorption, one for seven and the other for 
three years, and were both in the group of men considered to be most seriously 
affected. No improvement in creatinine clearance was noted immediately after 
EDTA therapy. 

Toxic effects. Transient depression of the bone-marrow (Belknap, 1952) and 
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T-wave changes in the electrocardiogram (Bradley and Powell, 1954) have 
been reported to follow administration of EDTA. In those of our patients 
whose haemoglobin values were low at the beginning of treatment, these values 
tended to rise, and in the fully treated patient the haemoglobin rose from 72 
to 90 per cent. in three weeks. Wishinsky, Weinberg, Prévost, Burgin, and 
Miller (1953), when assessing the use of EDTA in haemochromatosis, described 
a decrease in prothrombin activity in one patient with pre-existing liver disoase. 
Liver-function tests, including estimation of prothrombin activity, carried out 
before initiating treatment in our patients, were all within normal limits, and 
they were not repeated. No other toxic effects were noted, and all the patients 
are now well and at work. 

The factors influencing each person’s immunity to lead poisoning must be 
diverse, and there seems to be no doubt that certain members of a group develop 
lead poisoning, while others do not, although they have all been subjected to 
the same rate of absorption. It seems possible to develop some form of ‘acquired 
immunity’ to the toxic effects of the substance. What seems quite inexplicable 
is that, although this method of hardening and tempering has been in operation 
in these wire works for over 25 years, no cases of lead poisoning have occurred 
until the last year, when three have been reported. No change in the conditions 
in the works over the past few years could be found to account for this, and in 
no case did poisoning follow a period of stress. 


We are indebted to Professor D. M. Dunlop for his helpful advice and criticism, 
and to him and Drs. N. W. Horne and I. W. B. Grant for permission to study 
patients under their care. Our thanks are also due to Drs. Anne T. Lambie 
and Joyce D. Baird for much help and advice, and to Mr. D. C. Smith for his 
assistance with the biochemical estimations. | 


Summary 

Seven subjects of excessive lead absorption were treated with intravenous 
EDTA (versene) in different ways, and the resulting levels of lead excretion 
compared. One patient, whose symptoms suggested lead poisoning, but whose 
employment did not, was similarly treated before and after lowering the plasma 
pH. Eight control subjects received a single dose of intravenous EDTA, the 
resulting rise in urinary lead excretion being estimated. 

The results indicated that optimum excretion of lead in the urine in a case 
of excessive lead absorption could be achieved by giving 2 g. of EDTA by 
intravenous infusion over a period of six hours daily. After such an infusion all 
patients in this category excreted lead in the urine at a rate of over 1-5 mg. in 
24 hours. Lead excretion in subjects not so exposed and similarly treated 
varied between 0-22 mg. and 0-65 mg. in 24 hours. This information appears to 
be of use in diagnosing excessive lead absorption where urinary lead values are 
not significantly raised and other blood and biochemical findings are not 
conclusive. It is, however, suggested that in cases of severe lead poisoning 
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intravenous EDTA should be given continuously for at least 48 hours, or at 
least administered in six-hourly infusions over the same period twice daily. After 
48 hours it should be safe to resume intermittent daily therapy as above, in 
five-day courses separated by three or four days. When urinary lead excretion 
in the second 24-hour period of a course is less than 1-5 mg., it is an indication 
that the available lead stores are becoming exhausted. 

Pertinent views on the elective sites of lead storage in the body are described, 
and related to a suggested mode of action of EDTA. 

From our results it appears that the urinary excretion of lead after adminis- 
tration of EDTA is not influenced by a single dose of parathormone, and is 
actually depressed by hydrocortisone. Lowering plasma pH by means of 
ammonium chloride and acetazolamide, although it increased urinary lead 
excretion without EDTA, appeared to depress excretion when EDTA was used. 
The renal elimination of EDTA was accelerated. 

Two of the patients who had been longest exposed to the risk of excessive 
lead absorption were shown to have lowered creatinine-clearance values. In 
these cases excretion of EDTA was significantly delayed. 

In a total of nearly 100 intravenous infusions of EDTA no toxic effects were 
noted. 
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RADIOLOGICAL TECHNIQUES IN THE MANAGEMENT 
OF TUBERCULOUS MENINGITIS! 


By ROY M. ACHESON anp HONOR V. SMITH 
(From The Department of Neurology, Radcliffe Infirmary, Oxford) 
With Plates 5 to 7 


TUBERCULOUS meningitis became curable with the introduction of streptomycin 
in 1946. Between that time and September 1955 over 300 patients were treated 
by the Tuberculous Meningitis Unit in Oxford. It was realized from the outset 
that these cases would form a valuable research series, and accordingly great 
pains have always been taken to investigate and record the findings of each 
case in full. Between 4,000 and 5,000 X-ray films of the skull, with and without 
the use of contrast media, are included among the investigations made. 


Patients 

A total of 313 cases of tuberculous meningitis, treated either in the United 
Oxford Hospitals or in the Military Hospital for Head Injuries at Wheatley, 
are available for study. The cases referred to as the ‘main series’ comprise 239 
patients who are entirely unselected, come from all age groups, and have 
received all their treatment in our hands. The majority of the survivors have 
been followed up in Oxford, some for over eight years. The remaining patients, 
known as the ‘ X series’, were sent here for assessment or special treatment after 
having had a variable amount of therapy elsewhere. Thus any analysis requiring 
exact knowledge of the patient’s clinical condition before the commencement 
of treatment can only be made from the main series, but the two series can be 
combined in the study of the disease during and after treatment. 


Air Studies 

Technique. ‘Seconal’ was used as premedication for all the patients; three 
grains were given to adults, and smaller doses to infants and young children. 
Derivatives of opium were always avoided, and apart from exceptional cases no 
general anaesthesia was used. At the completion of the air encephalogram the 
daily dose of intrathecal medication (see Smith, Vollum, Taylor, and Taylor, 
1956) was injected before the needle was withdrawn. In convalescent patients 
intrathecal therapy was started again as a precautionary measure at the time 
of air encephalography, and was continued for a week afterwards. 

Lumbar route. In the majority of the studies the lumbar route has been used 
to introduce the air (Table I). The total quantity of air used is limited to 15 to 
1 Received April 17, 1957. 
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20 ml., which with a little experience in interpretation shows all that is required 
on the radiograph ; this quantity has the added advantages of being perfectly 
safe, and of causing the patient the minimum of discomfort. Our technique is 
based on that of Sheldon, Wickbom, and Pennybacker (1953). The patient is 
maintained in the upright position, and the needle introduced into the lumbar 
subarachnoid space. Ten ml. of air are injected very slowly, and after this 


I 
Analysis of Methods used in Air Studies 
(Main and ‘X’ series cases) 


Route of introduction 
Lumbar sac: 1. Without spinal block . 
2. With spinal block 
Ventricle: 1. Through frontal burr-holes . 
2. Through parietal burr-holes . 
Total 


injection an equivalent volume of cerebrospinal fluid is allowed to escape. The 
head is first half-flexed to allow the air to enter the foramen of Magendie, and 
then a further 5 to 10 ml. are injected with the head extended, so that the 
lateral ventricles are also filled. A skull table is not required for this procedure, 
which can, if necessary, be carried out in the ward, and the patient taken 
to the radiological department afterwards. The anteroposterior, Towne’s, and 
lateral views of the skull are taken in the ‘brow up’ and erect positions. Studies 
can be taken with the patient ‘brow down’ when it is considered important to 
show details of the cisterna magna. The ‘brow up’ views provide good pictures 
of the basal cisterns, and filling of the ambient cisterns is shown in the erect 
position. A more complete examination with larger amounts of air was carried 
out only in rare cases in which non-communicating hydrocephalus was suspected, 
or the diagnosis of tuberculous meningitis from cerebral abscess was difficult 
when the air was introduced into the ventricles. 

Cisternal route. In the presence of lumbar block, and at other times when it 
was considered preferable, the air was introduced by cisternal puncture into the 
cisterna magna. The patient was maintained in the positions described above 
for lumbar puncture, and 15 to 20 ml. of air were again injected. 

Direct ventriculography. In Oxford the purified protein derivative of tuber- 
culin (P.P.D.) is used as an adjuvant to chemotherapy, and burr-holes are 
always inserted as a precautionary measure (Smith and Vollum, 1950). It is 
sometimes convenient to introduce air into the ventricles at the same time as 
burr-hole craniotomy is being performed. Since these burr-holes are usually 
made in the frontal bones, ventriculography presents difficulties, because the 
air tends to escape back through the needle as soon as the syringe is removed. 
Satisfactory pictures can, however, be obtained by turning the patient on his 
side, removing the upper brain needle, and introducing 20 to 30 ml. of air 
through the needle in the lower burr-hole. 
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Complications. 1. Clinical. (1) Nausea and headache were experienced by 
several of the patients when the air entered the head, but these symptoms, 
except in a very few instances, passed off within a few hours. (2) It is usual for 
a slight pleocytosis to occur in the cerebrospinal fluid. In our experience this 
is of no significance, and settles in a few days. (3) Miiller (19536) described an 
acute rise in intracranial pressure in some of his cases of tuberculous meningitis 
after air encephalography. We have not encountered this complication, but two 
of our patients suffered after-effects more prolonged than those described above. 
Both were children under five years of age, with considerable hydrocephalus and 
major blockage of the basal cisterns, and in both cases more than 30 ml. of air 
was used. The patients had meningitis with vomiting for two or three days 
after the procedure, and then made a good spontaneous recovery. 

2. Technical. In five of the 98 lumbar pneumoencephalograms attempted 
the ventricles did not fill because of the faulty position of the patient. In each 
of these cases there was air in the basal cisterns, and on a second attempt 
the ventricles were filled successfully. In one patient, a woman of 44 years, 
throughout the course of her illness, it was extremely difficult to perform a 
lumbar puncture. On two occasions lumbar pneumoencephalography was 
attempted and, though a free flow of cerebrospinal fluid was obtained, all the 
air entered the subdural space. The cause of this occurrence was never deter- 
mined, and, apart from severe headache, the patient suffered no ill effects. 


Di 

1. The encephalographic appearances in a typical case. In the earliest stages 
of the illness the only detectable abnormality in the air encephalogram may be 
a mild symmetrical dilatation of the ventricles, which shows as a blunting of the 
angles of the frontal horns in the postero-anterior view (Plate 5, Fig. 3). Slight 
as this change may be, it can prove extremely useful in making the diagnosis 
between tuberculous meningitis and virus infection of the nervous system. 
Moreover, the finding of a slightly dilated but centrally placed ventricular 
system helps to exclude the diagnosis of temporal lobe abscess (although, if 
abscess is suspected, it is often advisable to perform full air encephalography). 
As the disease evolves, tuberculous exudate is formed in the basal cisterns, the 
Sylvian fissures, and the cerebral sulci. With these pathological changes the 
ventricles become larger, and the air encephalogram diverges further and further 
from normal. The appearances in a florid case of tuberculous meningitis, which 
were described by Smith, Vollum, and Cairns (1948), are shown diagrammatically 
in Fig. 1. The presence of the tuberculous exudate interferes with the flow of 
cerebrospinal fluid to the arachnoid villi, where it is thought to be absorbed, 
and as a consequence further ventricular dilatation occurs. If, in the absence of 
lumbar block, air is introduced into the spinal subarachnoid space, some will be 
arrested in the pontine cistern, and the remainder will outline the dilated ven- 
tricular system. Although these appearances are highly suggestive of tubercu- 
lous meningitis, they are not pathognomonic, and are sometimes seen in other 
conditions such as carcinomatosis of the meninges and purulent meningitis. 
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2. Blockage of the Sylvian fissures and hemiplegia. When an artery becomes 
surrounded by tuberculous exudate, endarteritis may develop, and ischaemia 
or infarction of the tissue supplied by that artery may result. Thus the exudate 
which commonly forms in the Sylvian fissures may on occasion be associated 
with hemiplegia or aphasia (Smith and Daniel, 1947). Plate 5, Fig. 3, shows 
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(in brow-up position) Cortical sulci 
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=== Regions which fill in health 


Syndrome de Cairns’ 


Fic. 1. A tracing of the air encephalogram of a patient admitted in deep coma (Medical 

Research Council Group III). The head is in the ‘brow-up’ position. Note that in such a 

florid case the pontine cistern is the only basal region outlined by air ; the lateral ventricles 

are moderately enlarged. This pattern has been described as the syndrome de Cairns 
(Salvaing, 1954). 


an air encephalogram of a girl who had a right hemiparesis. It will be noted that 
air flows over the right cortex, but that there is no air over the left cortex, a 
finding which was confirmed in three successive studies of the same patient, 
and is presumed to be due to blockage of the left Sylvian fissure. The exudate 
responsible for this type of appearance is presumably a precursor to meningeal 
calcification in the Sylvian fissure, which is sometimes seen during the follow-up 
period in patients who have suffered hemiplegia during their illness (see page 95). 
It must, however, be emphasized that exudate in the neighbourhood of the 
middle cerebral artery is not always associated with upper motor neurone 
lesions, and total blockage of both Sylvian fissures can occur without any such 
physical signs developing. 

3. Strabismus and blockage of the basal cisterns. Palsies of the cranial nerves 
are a particularly common finding in all except the earliest cases, the sixth, 
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third, and fourth cranial nerves, in that order, being most often involved. It has 
always been our opinion that these palsies are due directly to the exudate in 
the basal cisterns, and the findings shown in Table II suggest that this opinion 
is justified. (By Fisher’s (1950) exact treatment the distribution shown in 
Table II is very highly significant (P = 0-000,000,283, a probability of rather 
less than one in three and a half million).) It will be seen that only five of the 
56 patients from the main series who were examined did not comply with the 
general pattern. 


Taste II 


Correlation between Blockage of Chiasmatic and Interpeduncular 
Cisterns and Palsies of Oculomotor Nerves 
(Main series only) 
Clear passage of air Blockage of 
through cisterns cisterns 


Total 
Palsies of oculomotor nerves tones to 
air 1 41 42 
No palsies seen . 10 4 14 
Total . il 45 56 


Of the Sor with blockage of the basal cisterns, 
two were decerebrate. 


Management 

1. Improvement and deterioration in pneumoencephalographic appearance in 
serial studies in individual cases. Serial air encephalograms have been performed 
during the course of the illness in 31 cases, giving a total of 65 studies. The 
number of studies carried out on one patient varies from two to five. Although 
we have known cases in which spinal tuberculous exudate, causing a block, 
cleared under treatment with streptomycin alone, we never saw any radio- 
graphic evidence of clearing of exudate in the skull until the introduction of 
P.P.D. into the therapeutic régime (see pp. 92 and 99). Since that time we 
have had several serial studies in which the exudate underwent some resolution 
(for example, Case 1 below), and this phenomenon was always accompanied by 
an improvement in the general clinical condition of the patient. Similarly, serial 
air encephalograms which showed increased deposition of exudate occurred 
only in patients whose clinical condition deteriorated. Improvement in the 
filling of the basal cisterns, however, is not necessary to a complete clinical 
recovery, and in some of our patients, particularly those treated some years 
ago, air studies made on admission showed results identical with those obtained 
subsequently when the meningitis had become inactive. Thus, to summarize, 
serial air studies which show improvement or deterioration are of great clinical 
significance, but those which show no change contribute nothing to the manage- 
ment of the case. The following case history gives details of a patient whose 
condition deteriorated before improvement led to total recovery, and in whom 
the radiographic appearances followed the general course of her illness very 
closely. 

Case 1 (Series No. 215). A 15-year-old girl was admitted to the Radcliffe 
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AUGUST 

Fic. 2. A record of the progress of the girl described in Case 1. Note that the scale against 

which the weight records have been plotted was altered on Christmas Day to allow for her 
continued gain. 

E.8.R. = erythrocyte sedimentation rate; C.S.F. = cerebrospinal fluid; A.E.G. = air 
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encephalography. The purified protein derivative of tuberculin (P.P.D.) was su by 
the Ministry of Agriculture and Fisheries Veterinary Laboratory through the courtesy of 
Dr. Green. The standard wer (S) contains 7-5 yg. per ml. of the Weybridge preparation 
in normal saline. * _ , ete., denote dilutions of the standard solution. 
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Infirmary, Oxford, in May 1954, with an eight weeks’ history of listlessness, 
anorexia, loss of weight and headache of increasing severity. Five days before 
coming into hospital she complained of ‘pins and needles’ down the right side 
of her body, and three days later she developed a right hemiparesis. On admis- 
sion she was blue and dyspnoeic, but mentally quite clear. Her skin was covered 
with small petechial haemorrhages, there were innumerable choroidal tubercles 
in both eye grounds, and showers of fine crepitations were heard throughout both 
lung fields. Signs of meningism were apparent, and the right hemiparesis was 
noticed to be most severe in the upper limb. On lumbar puncture the cerebro- 
spinal-fluid pressure was 160 mm. H,O. The fluid contained 110 cells per cu. mm. 
(mostly lymphocytes) and 50 mg. of protein per 100 ml.; the sugar was 
diminished, and acid-fast bacilli were seen on the direct film. Treatment was 
started immediately with 1 g. of streptomycin intramuscularly and 300 mg. of 
isoniazid by mouth daily. In addition a mixture of 50 mg. of isoniazid and 50 
mg. of streptomycin was given every day by the intrathecal route. She made no 
response, and five days later was too weak to move, although she maintained 
her mental clarity. The cellular response in the cerebrospinal fluid died out, 
and by this time acid-fast bacilli were the only abnormalities. It seemed she 
would die of an acute inflammatory pulmonary oedema, and so, daily for a 
week, she was given 150 mg. of cortisone. The effect was remarkable; within 
24 hours her chest had become dry, she rapidly regained strength, and cortisone 
was gradually withdrawn. The pattern of changes in the cerebrospinal fluid 
is shown in Fig. 2. Two months after her admission she was considered 
well enough for air encephalography. Minor degrees of obstruction of the 
interpeduncular cistern and the left Sylvian fissure were found (Plate 5, Figs. 3 
and 4). 

Ten days later she complained of severe headache, which was followed by a 
series of four epileptic fits. One of these was entirely confined to the right side 
of the body ; the others were more generalized. The seizures were controlled by 
paraldehyde, and the next day the ventricles were tapped through frontal 
burr-holes; they were found to be symmetrically placed, and to contain a 
normal fluid. During the next few weeks she complained increasingly of 
headache, and then developed slight but definite bilateral papilloedema. By 
now it was quite clear that full chemotherapy was not controlling her meningitis, 
and accordingly P.P.D. was added to her treatment. Before the P.P.D. dosage 
could be adjusted so as to obtain the required reaction in the cerebrospinal fluid, 
papilloedema increased, and she had a further right-sided focal seizure. More- 
over, the pressure in the lumbar spinal fluid rose until it varied between 300 
and 450 mm. H,O. On October 17, 1954 she had her first definite P.P.D. 
reaction (marked X in Fig. 2) and from then onwards the cerebrospinal fluid 
pressure began to fall, papilloedema resolved, and her general condition 
improved. A second air encephalogram taken at that time (Plate 5, Fig. 5) 
showed a considerable reduction in the filling of the basal cisterns. 

Since then the patient’s progress has been highly satisfactory, with the 
exception that M. tuberculosis was grown from a specimen of cerebrospinal 
fluid taken a week before her discharge in May 1955. Consequently she was 
readmitted and, although entirely free from symptoms and signs, was given a 
further eight-week course of systemic and intrathecal therapy. Intrathecal 
streptomycin was discontinued at the end of June, because an audiogram revealed 
a slight loss of aural acuity on the left. The last of the serial air studies per- 
formed in June 1955 shows considerable clearing of the basal cisterns (Plate 6, 
Fig. 6), and this is the first study of the series of five to show air over the left 
cortex (Plate 6, Fig. 7). 
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Comment. The deterioration in the patient’s condition between July and 
October 1954, which occurred in spite of full chemotherapy, was accompanied 
by an increase of exudate in the basal cisterns, demonstrated by serial air 
studies. By adding P.P.D. to the therapeutic régime the deterioration was 
arrested ; in the next eight months the patient returned to normal health, and 
significant clearing of the exudate was seen in later encephalograms. 

2. The failure of the ventricles to fill on lumbar pneumoencephalography. 
Sometimes air fails to reach the ventricles after it has been introduced. This 
may be due to faulty technique (see above), or to the following pathological 
causes: (1) Spinal block. Introduction of air into the lumbar sac is, in our 
experience, the simplest and most reliable of all methods of diagnosing spinal 
block. A very small quantity of air (5 to 10 ml.) is used, because distension of 
the lumbar sac below a block may cause root pain. It is worth recording that, 
in one of the patients in whom we confirmed the diagnosis of block by this means, 
the protein in the lumbar spinal fluid was only 90 mg. per 100 ml. at the time 
the air was introduced, and that the presence of a total lumbar block was later 
confirmed post mortem. (2) Other causes. In three cases, all of which were fatal, 
air passed into the cisterna magna and the pontine cistern, but failed to enter 
the ventricular system. In two of these cases a granular adhesive arachnoiditis 
in the cisterna magna was found post mortem, and in the third a small tuber- 
culoma blocked the foramen of Magendie. 


Prognosis 

1. Studies made on admission. It has been observed by Lorber (1951la) 
and Miiller (1953a) that there is a close relationship between the clinical state 
of the patient on admission and the degree of abnormality found in the 
air encephalogram. Table III shows that these findings are amply confirmed 
by the present investigation. In no case classified as ‘moderate’ or ‘severe’ 
were the pneumoencephalographic findings entirely normal. The classification of 
the cases into three groups was first made by the Medical Research Council 
(1948), and the criteria for this grouping have recently been elaborated by 
Smith, Vollum, Taylor, and Taylor (1956), who gave the prognosis for these 
Oxford patients by groups and age. The combination of their analysis with 
that shown in Table IIT leaves no doubt that the prognosis deteriorates as the 
initial air encephalogram deviates further from normal, a conclusion which 
was also reached by Lorber (1951a) and Miiller (19532). 

2. The effect of various forms of treatment judged from air studies. Serial air 
studies were carried out in four of the patients who were treated successfully 
with streptomycin. In none of these, nor in any of the eight survivors with 
abnormal air encephalograms and receiving treatment reported by Lorber 
(195la), was any suggestion seen of improved filling of the basal cisterns. In 
addition, air encephalography has, for various reasons, been carried out in three 
patients who recovered, four to six years after treatment with intrathecal 
streptomycin was started. All these cases show very considerable blockage, 
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together with some meningeal calcification of the basal cisterns, and in one of 
them an increase in the degree of hydrocephalus was the only difference between 
this air encephalogram and a ventriculogram carried out at the time of the 
original admission. It therefore seems that intrathecal streptomycin, though 


III 


Correlation between Severity of Illness at Admission and Air Encephalography 
within 14 Days of Admission 


(Main series: 23 patients of all ages) 
Ventricular 


enlargement Regions not filling with air 


Clinical Number Chiasmatic Interpedun- Asabient Pontine Cortical 
classification of cases Slight able cistern cularcistern cisterns cistern sulci 
Early ° ; 5 2 0 1 1 2 0 2 
Moderate . . 8 5 2 7 2 6 0 5 
Severe. ‘ae 3 5 10 7 6 0 8 


curative in 35 per cent. to 50 per cent. of cases (Illingworth and Lorber, 1951; 
Oldham, Bower, Carré, and Wolff, 1954; Salvaing, 1954; Smith and Vollum, 
1954), caused little, if any, resolution of the exudate. In contrast to these results 
we have now carried out serial air studies in 13 patients treated successfully with 
intrathecal streptomycin, isoniazid, and P.P.D., and in five of these some clear- 
ing of basal meningeal exudate has been demonstrated. It may be argued 
that isoniazid is responsible for this clearing. In Case 1 (above) and in another 
TaBLeE IV 
Fifty Cases Classified by Radiological Appearances, showing the Effects of 
Treatment on Prognosis 


(Main and ‘X’ series combined) 


Florid changes (as shown in Fig.1) Normal air encephalogram at any 
at any time in illness time in illness 


Type of treatment Died Survived % Survival Died Survived % Survival 
Streptomycin only . ye: 6 35 1 3 75 
Streptomycin and P.P.D. 1 1 ae 0 0 oe 
Streptomycin and isoniazid 0 1 0 1 oe 
Streptomycin, isoniazid, 

and P.P.D. ° 6 8 57 1 10 91 
Totals . . : ° 18 16 47 2 14 87 


patient, however, there was no suggestion of clinical improvement or filling of 
the basal cisterns until P.P.D. was added to the régime of streptomycin and 
isoniazid, and a satisfactory reaction was elicited (Fig. 2). 

Another approach to the problem of how the addition of P.P.D., and later 
of isoniazid, has affected the prognosis is shown in Table IV. Patients with a 
normal air encephalogram could always be expected to make a good recovery. 
Using streptomycin alone, Lorber (195la) reported survival in 17 out of 22 
cases (77 per cent.) with a normal air encephalogram on admission, and Miiller 
(1953a) did not lose one of 23 children classified in the same way. On the other 
hand, Miiller believed that with streptomycin alone he could do no more than 
prolong the illness in patients showing advanced blockage of the basal cisterns, 
and this view was also held by Lorber. It is, therefore, highly encouraging that 
we can now report a 57 per cent. recovery rate in such cases. Nevertheless this 
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figure gives us no grounds for complacency, and it is quite plain that the presence 
of extensive exudate under the brain still makes the prognosis doubtful. 

3. Hydrocephalus. The incidence and severity of hydrocephalus are analysed 
by age in Table V, which shows that ‘definite to gross’ ventricular dilatation 


TABLE V 
Relationship of Hydrocephalus to the Age of the Patient 
(Main and ‘X’ series, at all stages of the disease) 


Degree of hydrocephalus 
Age (years) ‘Absent or minimal Definite to gross Total 
First year 0 3 3 
1-4 1 12 13 
5-14 7 2 9 
15 and over 40 18 58 
Total . 48 35 83 


is commonest in patients who are under four years of age, and occurs with 
diminishing frequency in older age groups. This is partly due to the fact that 
the largest proportion of ‘severe’ cases is found to occur among the very young ; 
but it was also in these small children that the greatest incidence of suture 
separation was noted (Acheson, 1957), so that it may be that the lack of bony 


TaBLe VI 
Prognosis in 23 Cases of Gross Hydrocephalus judged by Air Encephalography 
at any stage of the Disease 
(Main and ‘X’ series cases combined, excluding patients with tuberculoma, 
neoplasm, or stricture) 
Survived 
Number of ~ 
Age (years) patients Died Total Intellect unimpaired Mentally defective 
0-3 ° ° 14 8 6 1 5 
4-9 : ; 5 2 3 2 1* 
0 0 0 0 0 
15andover . 4 3 1 1 0 
Total . . 23 13 10 4 6 


* Died of bronchopneumonia after discharge. 
resistance, which must occur with suture separation, also permits ventricular 
enlargement. The final outcome in the 23 patients whose air encephalograms 
showed a gross communicating hydrocephalus is shown in Table VI. A poor 
outlook for patients with extreme hydrocephalus has been emphasized. Miiller 
(1953a) wrote that chronic invalidism was the best that could be expected in 
such cases, while Lorber (195la) went so far as to recommend that treatment 
should be discontinued, and therefore all hope abandoned, in children whose 
tuberculous meningitis caused ‘really gross hydrocephalus’. In our experience 
such complete pessimism is unwarranted, because four of our 23 patients 
(17 per cent.) have made a useful recovery which has presumably taken place 
in spite of their huge ventricles, for none of our serial studies have suggested 
that the hydrocephalus regresses. Photographs of two of these patients, both 
aged four years when taken ill, are shown together with their air encephalograms 
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in Plate 7, Figs. 10 to 13. One of the boys (Fig. 12) has a slight facial palsy 
and both have had ‘lazy eyes’ which have responded to treatment, but other- 
wise neither suffers any neurological disability. In fact, limb contractures and 
osteoporosis with pathological fractures proved to be the most serious problem 
in their rehabilitation. Both boys have probably suffered some personslity 
change, and are inclined to be over-affectionate; in addition, the patient in 
Fig. 10 had for about six months a tendency to hyperkinesis (Ounsted, 1955). 
Nevertheless, it is the opinion of a child psychologist that he is intelligent, and 
both boys are now doing well in normal schools. 

4. Cerebral oedema. Occasionally patients develop cerebral oedema in the 
early stages of the illness, a condition which is characterized in the air ence- 
phalogram by tiny symmetrically placed ventricles. One such patient made a 
striking response to cortisone (Smith, Vollum, Taylor, and Taylor, 1956), but 
before corticosteroids were available the prognosis was very bad. 


Cerebral Angiography 

Carotid angiography was carried out in several patients who presented acute 
vascular accidents ; sometimes it was a diagnostic measure, and sometimes an 
attempt to show the extent of the tuberculous endarteritis, and so to assess the 
prognosis. The results were most disappointing, for the only patient to show a 
gross abnormality on the radiograph has made a most useful functional recovery, 
while five others, who had a profound hemiplegia, and in whom definite lesions 
were found post mortem, showed no radiological abnormality of the cerebral 
vascular tree. Apart froma most unusual case of dilatation of an isolated temporal 
horn (Cairns, 1951, Case 3), the only observed change due to hydrocephalus was 
a typical symmetrical displacement of the arterial tree. Thus, since reasonably 
normal angiographic appearances seem to be the rule in tuberculous meningitis, 
even with gross neurological signs of vascular origin, a normal carotid angio- 
gram may be of value only in helping to exclude other lesions in patients who 
present an acute vascular catastrophe. 


Myelography 

Myelography is not used as a routine in the management of tuberculous 
meningitis in Oxford. The introduction of small quantities of air into the 
lumbar sac, with the patient in the upright position, followed by radiography 
of the skull, has been found a simple and safe method of diagnosing spinal 
block. In our experience, contrary to that of Brooks, Fletcher, and Wilson 
(1954), symptoms or signs of impaired function of the cord are rare in spinal 
block, and consequently, when its presence has been diagnosed, no further 
investigation is necessary. Intrathecal injection of radio-opaque material 
may, however, have value in differentiating a block due to tuberculous exudate 
from one due to another cause such as a collapsed vertebra. Whereas the con- 
trast medium either shows fragmentation or has an irregular edge when arrested 
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by tuberculous exudate, it usually has a smooth, clear edge when it comes in 
contact with a vertebral body or a tumour. 


Simple Radiography 

The most usual changes in simple radiographs of the skull during the illness 
are due to raised intracranial pressure, and are described elsewhere (Acheson, 
1957). 


Follow-up Studies 


Patients are readmitted to hospital every six months for the first five years 
after their recovery. They undergo a thorough examination, which includes 
lumbar puncture and simple radiography of the chest and skull. Thereafter 
they attend once a year. The X-rays of the skull are taken in the lateral and 
15° fronto-occipital positions; and the most common and interesting change 
they show is diffuse calcification. Although it is well known that the tissue of an 
intracranial tuberculoma may undergo calcification, it is only since tuberculous 
meningitis became curable that it has been realized that diffuse calcification is 
seen in the skull X-rays of patients who have suffered the disease. Lorber (1952) 
has considered the possible causes of this calcification, and has concluded that 
it is principally due to the organization of tuberculous exudate on the meninges. 
There is every reason to believe that this conclusion is sound. 

The sites of appearance of calcification, in order of frequency, are the inter- 
peduncular cisterns, Sylvian fissures, and chiasmatic cistern, which correspond 
with the sites of deposition of tuberculous exudate described above. Although 
exudate commonly forms in the ambient cisterns, calcium was not often located 
there in the present series. Post-mortem studies have shown that exudate in the 
pontine cistern is usually confined to the ventral surface of the pons itself. It 
is therefore interesting that, when calcification forms in this region, it takes the 
form of a thin plaque lying above and parallel to the dorsum sellae. Lorber 
(19516, 1952) suggested that calcification sometimes occurs deep in the tissues 
of the temporal and parietal lobes, or in the region of the third ventricle. In 
our experience the lesions to which he refers are more likely to have formed in 
the Sylvian fissures, the ambient cisterns, or the sulci of the cerebral hemispheres. 
A 15° fronto-occipital view of the skull is a most valuable aid in localization, 
because small flecks of calcium may be obscured by the shadows of the orbits 
or frontal sinuses in the anteroposterior films, or by the denser portions of the 
occipital bone in Towne’s view. On the X-ray film the appearances are usually 
of a diffuse punctate calcification, and in such cases diagnosis presents little 
difficulty. Occasionally, however, the calcification is restricted to one place, 
and this is detected only by careful scrutiny of the film. 

Factors influencing the appearance of calcification. The incidence of these 
changes in the 25 children followed up for over three years in Lorber’s series 
was in the order of 72 per cent.; in another paediatric series with the same 
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follow-up time (Oldham, Bower, Carré, and Wolff, 1954) it was reported as 55 
per cent. The incidence of calcification in patients of the main series followed 
up for over two years after admission in Oxford is 14 per cent. (see Table VII). 
The cases are analysed in respect of the clinical condition of the patient on 


VII 


Incidence of Calcification of the Basal Cisterns in 104 Patients of All Ages followed 
up for at least Two Years after Commencement of Treatment 
(Main series only) 


Number showing % Incidence of 
Group on admission Number of cases calcification calcification 
Early ‘ ° 36 2 5-5 
Intermediate . : 54 10 18 
Severe. 14 3 21 


Total 


104 15 


admission (Medical Research Council, 1948), and it will be seen that the inci- 
dence is directly related to the severity of the illness. This finding bears out 
that of Lorber (1952), and corresponds to the observation made above that the 
amount of basal exudate on admission, as shown by air encephalography, is 
also directly related to the severity of the illness. This overall incidence of 
calcification, however, is very much lower than that found in the other two 


Taste VIII 
Age when Meningeal Calcification Appeared, or when Last Seen at Follow-up 
Without Calcification 
(All patients of main and ‘X’ series followed up in Oxford for at least two years 
after commencement of treatment) 


Number showing % Incidence of 
Age group (years) Number of cases calcification calcification 
0-3 4 3 75 
4-9 ‘ 18 6 33 
10-14 20 5 25 
Over 14 . 73 5 6-8 
All cases 115 19 16-5 


series. An explanation is suggested by Table VIII, an analysis which includes 
all the patients of the main series and ‘X’ series who have been followed up in 
Oxford for at least two years after treatment. There seems to be a relationship 
between age and the appearance of calcification in the organized meningeal 
exudate. This relationship could be an artifact because, as the years pass by, 
the younger patients who show no calcification move into the higher age groups, 
where they reduce its frequency. For this reason the data are presented in a 
different way in Table IX, where it is shown that the patients who take five or 
six years to calcify their meningeal exudate are, on average, older than those 
who show calcification quickly. Presumably, therefore, many of the adults, 
and possibly some of the children, who do not yet show meningeal calcification, 
will do so at a later date. 

The effect of treatment on calcification in the basal cisterns. Evidence has already 
been discussed above which suggests that P.P.D. helpsin the clearing of fibrinous 
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exudate in the basal cisterns. Thus one might expect calcification in the basal 
cisterns to occur less frequently in the group of patients who had received P.P.D. 
than in the group who had not. Since there were not sufficient cases in the 


TaBLe IX 


The Year after Treatment was Commenced, and Average Age of Patients, when 
Meningeal Calcification was First Seen 
(Main series only) 
Year after commencing treatment 
“and 3rd Mth Sth 6th 

Number of cases showing calcification 

for the first time . 
Average age of patients in years i in each 

biennial group. 3-8 
Oxford series to make a statistical test of this hypothesis, data from Sheffield 
(Lorber, 1952, 1955) and Birmingham (Oldham, Bower, Carré, and Wolff, 1954; 
Oldham, 1955) were added to increase the numbers. It will be seen in Table X 
that the incidence of meningeal calcification is reduced, and this reduction is 
significant at the 5 per cent. level. It is important to realize that the majority 
of the patients who received P.P.D. in all three centres had the gravest illness, 


X 


Incidence of Calcification in Children followed up for at least Three Years after 
Treatment Commenced 


Number of Number 
cases showing 


Sheffield —— 1952, 1965) 25 18 


4 
. 68 16 5 31 

at percentages = 13-5. Actual difference of percentages = 37-0. 

Significant at the 5 per cent. level. 
and that they would, therefore, be expected to show the highest and not the 
lowest incidence of calcification. Had this not been the case the effect of P.P.D. 
might have been even more striking. The analysis has been confined to children, 
because it has been shown above (Table IX) that they probably establish their 
final pattern of calcification more rapidly than adults. Lorber (1955) considered 
that intracranial calcification occurs less frequently in patients treated with 
isoniazid and streptomycin than in those treated with streptomycin alone. 
Since he had been using this form of treatment since April 1952 (Lorber, 1954), 
18 months longer than we have, he was in a better position to judge on this 
point; but we have seen a four-year-old-boy, treated in another centre with 
intrathecal streptomycin and isoniazid, but no P.P.D., in whom calcification 
H 


Treatment 
’ Streptomycin only Streptomycin and P.P.D. 
% Number of Number % 
calcification 
and Wolff, 1954; 
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has developed over the dorsum sellae less than two years after the onset of his 
illness. 

Clinical significance of the intracranial calcification. Lorber (1952) did not 
believe that intracranial calcification had any particular prognostic significance 
in children who had recovered from tuberculous meningitis. Although no 
patient in his series, or in ours, has relapsed after calcification has developed, 
the changes must indicate that pathological tissues of tuberculous origin are 
still present on the meninges. As such, not only are they potential sources of 
re-infection, but they probably also interfere to some extent with the circulation 
of the cerebrospinal fluid. A special risk of calcified tuberculous exudate, how- 
ever, seems to exist when it lies under the hypothalamus, because here it has 
been associated with the development of diabetes insipidus in two of our patients. 
The history of one patient is as follows: 


Case 2 (Series No. 4X). A boy aged nine years was admitted to another 
centre in the summer of 1949 suffering from tuberculous meningitis. He 
responded poorly to intrathecal and intramuscular streptomycin, and was 
transferred to the Radcliffe Infirmary, where he made a good recovery after a 
long illness, and was finally sent home in May 1950. Although he remained 
well, a tiny speck of calcium was seen over the centre of the dorsum sellae a 
year later (Plate 6, Figs. 8 and 9). This shadow was intensified during the 
subsequent years, and early in 1955 he became incontinent of urine at night, 
and began to consume up to six pints of milk every day. In spite of this he lost 
weight and became listless. Diabetes insipidus was diagnosed, and has been 
controlled with pitressin tannate. 


Comment. In this case the patient’s excellent general condition, together 
with the increasing calcification, argues against a persistently active tuberculous 
process in his skull. Therefore his diabetes is presumably due to the organiza- 
tion of the old tuberculous exudate, causing cicatrization of the pars nervosa of 
the pituitary gland. 


Discussion 

Full air encephalography, particularly in patients with proliferating lesions 
in the skull, has long been known to be a hazardous procedure ; so much so that 
it is unwise to perform it unless neurosurgical facilities are available. Provided, 
however, that the small quantities of air we recommend are used, and provided 
that the cerebrospinal fluid is withdrawn sparingly after the air has been injec- 
ted, we feel sufficiently confident in the safety of this technique to recommend 
its use in medical units which have no immediate access to a department of 
neurosurgery. Intrathecal air has been the most valuable of the contrast media 
we have employed, and has in fact proved the basis of one of the most useful 
of the special investigations in the management of the disease. By revealing 
the extent of the tuberculous exudation and ventricular dilatation on admission, 
it shows graphically the nature of the therapeutic problem each patient presents. 
Subsequent studies help in assessing the patient’s progress, and such help is 
valuable, for it is often difficult to maintain standards of objectivity when faced 
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with the same patient daily for periods of over a year. It is now widely accepted 
that streptomycin and isoniazid are a highly effective combination in the 
treatment of tuberculous meningitis. Yet we believe that this therapeutic 
régime can be further improved by the regular use of the purified protein deriva- 
tive of tuberculin (P.P.D.). The grounds upon which our faith in this form of 
treatment were first placed were clinical, for in two of three apparently hopeless 
cases the patients, who had been treated with intrathecal streptomycin for 
months without response, made an excellent recovery after P.P.D. (Smith and 
Vollum, 1950). Through the years a good P.P.D. reaction has repeatedly 
marked the turning-point in other cases which have seemed to be most un- 
favourable. This has been true of patients who have received daily intrathecal 
streptomycin as the only sort of chemotherapy (see Smith, 1956, Fig. 2), of 
those whose treatment consisted of intramuscular streptomycin and oral 
isoniazid (for example, Case 2 of Smith, Vollum, Taylor, and Taylor, 1956), 
and of cases in which the latter drugs were given in considerable doses by 
intramuscular and intrathecal routes (for example, Case 1, above). 

Support for these clinical observations comes from the post-mortem room, 
where brains from unsuccessfully treated patients who received P.P.D. have 
shown exudation which was considerably less in degree or extent than that found 
in fatal untreated cases, or in patients who had received streptomycin as their 
only form of chemotherapy (we have no post-mortem material from a patient 
who died having been treated with isoniazid, but without P.P.D.). In addition, 
one patient was cured of tuberculous meningitis, and subsequently developed 
and died of an osteogenic sarcoma. He had profound external rectus palsies on 
both sides in the early weeks of his tuberculous meningitis and, although air 
encephalography was not performed, the evidence produced in Table II above 
suggests strongly that this palsy was due to tuberculous exudate. The autopsy 
on this patient was carried out in Manchester by Dr. G. J. Crawford, who found 
the brain and meninges to be so free from abnormality at death that he said, 
had it not been for the bilateral frontal burr-holes, he would have had no reason 
to believe that the patient had ever suffered a meningitis. Sections of this brain 
were subsequently made in Oxford, and a smali tubercle in the median fissure 
proved to be the only residuum of tuberculous meningitis. 

The analysis of radiological data reported here merely confirms these observa- 
tions of pathological material. In the first place, by using the technique of serial 
air encephalography, we have been able to observe the blockages clearing in 
the basal cisterns and the Sylvian fissures in five out of 13 patients as they 
responded to treatment. We have never seen any such clearing without P.P.D., 
regardless of the antibiotic régime used. Secondly, it has been shown in Table X 
that the incidence of meningeal calcification was lower in children treated with 
streptomycin and P.P.D. than in others, of the same age group and followed up 
for the same time, who had been treated with streptomycin only. The difference 
between these two groups is statistically significant, and it seems that, by 
reducing the amount of exudate while the disease was being treated, the P.P.D. 
reduced the number and extent of the areas in which calcium salts could later 
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be deposited. P.P.D. alters the host response to M. tuberculosis, and so improves 
the access of streptomycin and isoniazid to the organism. It would, however, be 
false to suggest that it often removed all the tuberculous exudate ; minor degrees 
of obstruction to the circulation of the cerebrospinal fluid are probably per- 
manent in several of the patients grouped as moderately ill on admission, and 
in the majority of those grouped as severely ill. Thus viable M. tuberculosis 
may be harboured in these residual organized patches of exudate, and therefore, 
although we have never met with a late recrudescence of the disease in our series, 
there is a theoretical possibility that this may occur. 

It is disappointing that cerebral angiography has proved to be of so little 
value in the assessment of the prognosis in cases showing extensive vascular 
lesions. Analysis of our clinical records, however, suggests that the prognosis 
of this type of lesion is good. Of the 52 patients who suffered some degree of 
hemiparesis during their illness and survived, only eight show any neurological 
residua. Most of these residua are very mild, but even the two patients who 
have permanent spastic paresis of an extremity are able to carry out a full day’s 
work. 


Our thanks are due to Dr. Philip Sheldon, who performed some of the air 
encephalograms and has given us much advice. We are also indebted to Dr. 
Harry Gosset of Northampton, who has helped us to follow up some of the cases. 
One of us (R. M. A.) carried out this research as Ernest Hart Memorial Scholar 
of the British Medical Association. 


Summary and Conclusion 


1. From experience gained in 313 cases of tuberculous meningitis treated in 
Oxford, a review is made of the value of radiological techniques in the manage- 
ment of the disease. 

2. Techniques suitable for use in the ward are described for introducing smal] 
quantities of air into the cerebrospinal-fluid pathways, by lumbar or cisternal 
routes, without general anaesthesia and with minimum discomfort to the 
patient. 

3. Evidence is produced which suggests that exudate in the basal cisterns is 
largely responsible for the oculomotor lesions which are so typical of the disease. 

4. Although improvement or deterioration of the air encephalogram is always 
accompanied by a comparable change in the patient’s clinical condition, 
recovery may occur without any change in the air picture. 

5. If a small quantity of air which has been introduced into the lumbar sac 
fails to enter the skull on more than one occasion, it is a reliable sign that a 
lumbar block exists. 

6. If air fails to pass from the cisterna magna into the ventricular system on 
more than one occasion, it suggests a lesion at the outlet of the fourth ven- 
tricle. 

7. Resolution of basal exudate has been demonstrated in patients who have 
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been treated with the purified protein derivative of tuberculin (P.P.D.). Such 
resolution was unknown when intrathecal streptomycin was the sole form of 
therapy, and this evidence strengthens our opinion that P.P.D. is a necessary 
adjuvant to daily intrathecal streptomycin and isoniazid in the treatment of 
tuberculous meningitis. 

8. Major degrees of hydrocephalus are characteristic of the more severe cases, 
particularly in childhood. Although gross hydrocephalus carries a poor prog- 
nosis, it can be followed by a useful intellectual recovery, even in children. 

9. Cerebral angiography has not proved to be of assistance in the manage- 
ment of tuberculous meningitis. 


10. Radio-opaque myelography is of value in distinguishing the exudative 
spinal block of tuberculous meningitis from obstruction of the spinal canal due 
to a collapsed vertebra or a neoplasm. 

11. Intracranial calcification was seen in 14 per cent. of 104 cases followed up 
for at least two years after commencement of treatment. It is assumed that it 
formed in unresolved tuberculous exudate on the meninges. Calcification was 
commoner, and formed sooner, in children than in adults. It was more liable 
to form in severe than in mild cases, but was seen less often in patients receiving 
streptomycin and P.P.D. than in those receiving streptomycin only. 
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Fic. 3. The air encephalogram of a pa- 
tient (Case'1; M.R.C. Group IT) early 
in the disease. The head is in the brow- 
up position, thus filling the frontal horns 
of the lateral ventricles with air. Note 
the slight symmetrical enlargement of 
the ventricles and also that, while the 
sulci of the right frontal cortex are out- 
lined with air, no air is to be seen over 
the left frontal cortex 


Fie. 4. Lateral air encephalogram in 
Case 1 taken at the same time as the 
film in Fig. 3. There is air in the chias- 
matic cistern, which shows up the pi- 
tuitary stalk 


Fic. 5. The same view of the patient 
(Case 1) taken in October 1954, after 
her deterioration (see text). The filling 
of the chiasmatic cistern is greatly re- 
duced, and as a consequence the pitui- 
tary stalk is no longer outlined. In this 
film there is a bubble of air in the 
temporal horn of one of the lateral ven- 
tricles. These appearances showed little 
change when the next study was made 
in January, 1955 
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Fic. 6. The same patient (Case 1) in June, 
1955, just before her final discharge. Note 
the improved filling of the chiasmatic cis- 
tern, presumably due to clearing of tuber- 
culous exudate in that region 


Fie. 7. Anteroposterior air encephalogram 
taken at the same time as that in Fig. 
6. Now, for the first time since the onset of 
the disease, air is clearly to be seen over the 
left as well as the right frontal cortex, in- 
dicating that the tuberculous exudate in 
the left Sylvian fissure has undergone clear- 


ing 


Fies. 8 and 9. Anteroposterior and lateral views of the sella turcica of a 15-year-old boy, taken 
seven years after the onset of his meningitis. Note the area of calcification lying in close 
relationship to the pituitary stalk. This patient has recently developed diabetes insipidus 
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Fic. 


Fics, 10 and 11. A child, now seven years of age, 
who suffered an attack of tuberculous meningitis 
in his fifth year, together with an air encephalo- 
gram (Towne’s view) taken during his convales- 
cence, Despite the gross hydrocephalus this boy 
has made an excellent recovery, and is doing well 
at school 


Fics. 12 and 13. Another boy who suffered gross 
hydrocephalus as a consequence of tuberculous 
meningitis at the age of five. He too has made a 
complete recovery (see text), a slight facial palsy 
being his only permanent physical stigma 
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REVERSIBLE HYPERTENSION AND UNILATERAL 
RENAL ARTERY DISEASE? 


By D. D. GELLMAN 
(From The Middlesex Hospital, London) 
With Plates 8 and 9 


PARTIAL occlusion of one renal artery in the dog usually results in a transient 
rise of blood-pressure (Goldblatt, Lynch, Hanzal, and Summerville, 1934). 
Occasionally the hypertension persists, and it can then sometimes be relieved 
by removing the ischaemic kidney (Goldblatt, 1937). Since the publication of 
this work the search for remediable kidney disease in patients with hypertension 
has become commonplace, but unilateral disease is rarely found. It is even rarer 
for removal of the diseased kidney to be followed by a permanent fall of blood- 
pressure to normal levels. This lack of success was predicted by Wilson and 
Byrom (1941), who were regularly able to produce sustained hypertension in 
rats by placing a clamp on one renal artery, but were able to relieve it in less 
than one-third of such cases by removing the clamp or the clamped kidney. 
After removal of the clamped kidney, they were able to correlate the height of 
the blood-pressure with the extent of the secondary hypertensive changes found 
in the unclamped kidney when the animal was killed ; only when this kidney had 
escaped damage did removal of the ischaemic kidney result in a fall of blood- 
pressure to normal levels. 

The degree of success achieved by unilateral nephrectomy in curing hyperten- 
sion in man is difficult to estimate. The published reports have been reviewed 
by Goldring and Chasis (1944), Langley and Platt (1947), Smith (1948), and 
Thompson and Smithwick (1952), who found respectively success rates of 9 per 
cent., 46 per cent., 19 per cent., and 24 per cent. These figures are certainly too 
high, since one may confidently assume that many unsuccessful cases are not 
reported. The commonest pathological conditions in the series collected by these 
authors were chronic pyelonephritis, pyonephrosis, and renal tuberculosis. 
These conditions bear no resemblance to the experimental ‘Goldblatt kidney’. 
They are not necessarily accompanied by hypertension, and when they are so 
accompanied it may be due either to coincidence or to the chance production 
of areas of ischaemic kidney-tissue by a pathological process which does not 
primarily affect the arteries (Kincaid-Smith, 1955). Furthermore, these patho- 
logical processes, and the accompanying hypertension, usually develop rela- 
tively slowly, so that there is time for hypertensive changeg to develop in the 
opposite kidney before they are diagnosed. It is to be expected, therefore, that 

1 Received April 1, 1957. 
Quarterly Journal of Medicine, New Series XXVII, No. 105, January 1958. 
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the removal of kidneys affected by these conditions will only occasionally result 
in permanent relief of accompanying hypertension. The clinical equivalent of 
the ‘Goldblatt kidney’ does, however, occasionally occur, and there have been 
a few reports of patients with hypertension due to unilateral renal artery occlu- 
sion who have been relieved of their hypertension by nephrectomy or thrombo- 
endarterectomy. In these cases the development of the lesion and of the hyper- 
tension is usually rapid, and it seems reasonable to suppose that early recognition 
and treatment would result in a higher proportion of cures than in other types 
of unilateral renal disease. The purpose of the present paper is to draw atten- 
tion to this important, albeit rare, condition; to report a case in which renal 
artery occlusion was a complication of occlusion of the abdominal aorta 
(Leriche’s syndrome) ; and to review the similar cases previously reported. 


Case Report 


R. W., a night watchman aged 65, consulted an ophthalmic surgeon in October 
1955 because of rapid deterioration of vision. He was found to have severe 
hypertensive retinopathy, was referred to a medical out-patient department, 
and shortly afterwards was admitted to hospital. He stated that three years 
previously he had developed ‘rheumatism’. This was manifested by pains in 
the small of the back which radiated to the buttocks and down the backs of the 
thighs to the knees. The pain regularly occurred after walking about 50 yards, 
and made him stop. It would then rapidly pass off, only to occur again after 
a further 50 yards. It never occurred at rest. One year before admission his 
memory had begun to fail, and he had become low-spirited. Three months before 
admission he began, for the first time in his life, to wake up twice each night to 
pass urine. At the same time he began to have attacks of retching and vomit- 
ing. Six weeks before admission his vision began to deteriorate rapidly. He had 
used the same pair of spectacles for reading for six years, and they had proved 
satisfactory until September 1955 when, in the space of 10 days, his sight 
deteriorated until he was unable to read even the headlines in his newspaper. 
At about the same time he noticed that he woke up with frontal headaches, 
which were relieved when he got out of bed. There was nothing relevant in his 
past history. One of his sisters had died at the age of 19 of Bright’s disease ; 
there was nothing else to suggest a family history of hypertension. 

On examination the patient was a thin man of stoical disposition. Visual 
acuity in the right eye was less than 6/60, and in the left 6/24. Gross papil- 
loedema was present in both eyes, with oedema of the retinae fairly localized to 
the macular regions (subsequently this oedema subsided, to reveal hard exu- 
dates in a typical ‘star’ distribution). There were marked retinal arterial 
changes, and scattered haemorrhages. The blood-pressure was 220/115. All the 
peripheral arteries were thickened and readily palpable, and those in the arms 
pulsated normally. Pulsations in the femoral arteries were weak and delayed, 
while no pulsations could be felt in the posterior tibial and dorsalis pedis arteries. 
No pulsations could be felt over the abdominal aorta below the level of the 
umbilicus, but on auscultation over it a systolic murmur was heard. The legs 
did not appear to be unduly wasted (the patient was generally thin), and there 
were no nutritional changes in the skin. The kidneys were not palpable. The 
superficial circumflex iliac arteries on both sides were dilated and tortuous, and 
could be seen and felt pulsating in the anterior abdominal wall. No other abnor- 
malities were found on physical examination. 
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Investigations. Albumin was constantly present in the urine, the amount vary- 
ing between 0-5 g. and 2-0 g. per litre (Esbach). Occasional red cells and moderate 
numbers of granular casts were seen in the centrifuged deposit. He was unable 
to achieve a urinary concentration of a specific gravity greater than 1,014. 
The blood-urea was 31 mg. per 100 ml. X-rays of the abdomen showed calcifica- 
tion in the iliac vessels and aorta and a small left renal outline. After an intra- 
venous pyelogram (Plate 8, Fig. 3) excretion was seen on the right side in the 
five-minute film, the kidney appearing larger than normal. On the left side no 
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Fic. 1. Graph showing the fall of blood-pressure after removal of the left kidney. 


excretion was seen up to one and a half hours. An abdominal aortogram 
(Dr. G. C. Whiteside; Plate 8, Fig. 4) showed that the aorta was completely 
obstructed just below the level of the first lumbar vertebra. The right renal 
artery was normal, but the left renal artery was occluded. The blood-supply to 
the legs was occurring via the lower intercostal and subcostal arteries, which 
made anastomoses with the circumflex iliac and inferior epigastric branches of 
the external iliac arteries to form a collateral circulation. Retrograde femoral 
arteriograms (Dr. Whiteside) showed that the occlusion extended on the left side 
down to the level of the inguinal ligament, and on the right side to the point of 
division of the common iliac artery. 

Left nephrectomy was carried out by Mr. E. W. Riches. A preliminary retro- 
grade pyelogram showed the kidney to be in the usual position. It was con- 
tracted, but otherwise appeared normal. A six-inch incision was made, the 
visible collaterals and the 11th and 12th intercostal vessels being preserved. 
The kidney was found to be small and moderately adherent. A posterior and 
anterior vein (both patent) were divided. The renal artery was small but patent 
at the sight of ligature and division. When it was divided only a thin trickle 
of blood flowed from the aortic end. The aorta could be felt pulsating above the 
renal pedicle, but not below it. The kidney measured 8x 5x3 cm. On section 
the cortico-medullary pattern was indistinct except at the lower pole (Plate 9, 
Fig. 5). Histologically (Plate 9, Fig. 6) there was diffuse ischaemic fibrosis, 
with atrophy of some of the tubules. The glomeruli appeared relatively normal, 
but the blood-vessels showed mild hypertensive changes. The part of the renal 
artery removed with the kidney was macroscopically and microscopically 
normal. 
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The course of events after nephrectomy is shown in Fig. 1. Within 24 hours of 
operation the blood-pressure fell to 130/70, and the patient exhibited alarming 
mental abnormalities. Fortunately he rapidly became adjusted to the lower 
level of blood-pressure, and became his usual cheerful self. Within a week there 
was a striking improvement in the appearances of the fundi, and improvement 
of vision. During the subsequent four weeks of observation in hospital the 
blood-pressure averaged 140/80, with only small fluctuations. The urine be- 
came free from albumin, casts, and red cells, and the specific gravity of random 
samples reached 1,025. He no longer woke at night to pass urine. In view of the 
proximity of the thrombus to the right renal artery it was decided to exhibit 
anticoagulant drugs for an indefinite period, and when the correct maintenance 
dose of phenylindanedione was established the patient was discharged. He was 
then able to read (with spectacles) the whole of the Daily Express, and was free 
from all symptoms except for the ischaemic pain in the back on exercise. Twelve 
months later he was well and back at work. The blood-pressure was in the range 
140—160/80—90 (in the out-patient clinic). An ophthalmologist reported retinal 
arteriosclerosis, but could find no signs of hypertensive retinopathy in either eye. 
There were no exudates and no haemorrhages. The patient has remained 
normotensive for 22 months. 


Discussion 


The Clinical Problem. When this patient was first seen in the out-patient 
department, the nurse who examined the urine reported that it contained no 
albumin. In view of this, and of the relatively low level of the blood-pressure, 
it was felt that the papilloedema was probably a manifestation of an intra- 
cranial expanding lesion (with which his symptoms were compatible), and not 
related to the hypertension. Subsequently albumin was constantly found in the 


urine, an electroencephalogram showed no focal abnormalities, and a neurolo- 
gist was unable to find any confirmatory signs of an expanding lesion. The 
patient was clearly suffering from malignant hypertension, which if untreated 
would shortly make him completely blind. It was decided that there was ade- 
quate evidence that the hypertension might be due to the ischaemic left kidney, 
and that its removal should be advised if it were technically possible. The 
potential difficulty lay in the fact that arteries normally sacrificed during 
nephrectomy were, in this patient, an important source of blood for the lower 
limbs. In the event it proved possible to preserve them. A further risk was that, 
if the blood-pressure were successfully lowered, the collateral circulation to the 
lower limbs might prove inadequate, with resultant increase in the severity of 
the intermittent claudication, or, at worst, gangrene. The possibilities of per- 
forming thromboendarterectomy, or of excising the thrombus-occluded aorta — 
and replacing it by a graft, were considered, but it was felt that the extent of the 
thrombus, its proximity to the renal arteries, and the presence of widespread 
arteriosclerotic changes, made the risk too great. As it happened there was no 
increase of ischaemia after the operation, presumably because the reduction of 
vascular tone, which resulted in a lowered blood-pressure, took place also in the 
collateral vessels. 

Previous reports. Twenty-nine recorded examples of alleged cures of hyper- 
tension following removal of an ischaemic kidney or restoration of its blood- 
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supply by thromboendarterectomy have been found, and are listed, together 
with the present case and an unpublished case of DeBakey (1956), with some 
details, in Table I. In four cases sympathectomy was carried out as well, and 
these call for further comment. In two patients the procedure was unilateral 
(Thompson and Smithwick, 1952, Case 1; Poutasse, 1956, Case 3). Since uni- 
lateral sympathectomy does not influence the course of hypertensive vascular 
disease, it is reasonable to attribute the fall of blood-pressure in these two patients 
to nephrectomy. Two patients had bilateral sympathectomy. The patient of 
Howard, Forbes, and Lipscomb (1940) remained hypertensive after the second 
side was operated upon, but the blood-pressure fell to normal immediately when 
a ligature was tied round the renal pedicle (Dr. T. L. Howard, 1956; personal 
communication). Nevertheless, bilateral sympathectomy might have achieved 
this result, and the case will not be considered further. The second patient of 
Thompson and Smithwick (1952) remained hypertensive for 17 days after bila- 
teral sympathectomy. Nephrectomy was then carried out, the blood-pressure 
thereupon falling to, and remaining at, a normal level. It seems reasonable to 
attribute this result to the nephrectomy. 

In three patients the period of observation of rising blood-pressure, after the 
episode of abdominal pain which was presumed to indicate renal infarction, 
was short. In Cornwell’s (1949) patient the interval was only a fortnight, at the 
end of which time visual failure began to occur. In Malisoff and Macht’s (1951) 
patient it was three weeks. In the patient reported by Gilfillan, Smart, and Bos- 
tick (1956) nephrectomy was performed on the 12th day. There is little informa- 
tion in published records regarding the maximum duration of transient hyper- 
tension following presumed renal infarction in patients who survive. Probably 
it is usually a matter of a few days (Fishberg, 1942, 1954), but very occasionally 
it may be three weeks (Ben-Asher, 1945) or longer (Howard, Berthrong, Gould, 
and Yendt, 1954). Possibly, therefore, these three patients might have become 
normotensive without nephrectomy, and the good results cannot be definitely 
attributed to the operation. In the remaining cases there was either no indica- 
tion of the time when renal infarction occurred, or else the interval between 
infarction and operation was at least 10 weeks (one case), and usually well over 
three months. What is probably more important, all but two (Freeman, Leeds, 
Elliott, and Roland, 1954; DeBakey, 1956) of the remaining patients had 
developed serious complications as a result of hypertension (such as severe 
retinopathy, paroxysmal nocturnal dyspnoea, cardiac enlargement, or ence- 
phalopathy), from which they recovered after operation. 

When the patients described by Howard, Forbes, and Lipscomb (1940), Corn- 
well (1949), Malisoff and Macht (1951), and Gilfillan, Smart, and Bostick (1956) 
are excluded, there remain 27 in whom well-established hypertension associated 
with unilateral renal artery disease has been relieved by nephrectomy or, in one 
case, thromboendarterectomy. It remains to consider whether any of these can 
be regarded as ‘cured’. Smith (1948), when reviewing the results of nephrec- 
tomy in hypertension, adopted as his criterion of ‘cure’ a reduction of blood- 
pressure to or below 140/90 maintained for at least one year. Of the 27 patients 
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under consideration, only 19 (including DeBakey’s and the subject of the present 
report) had been followed up for a year or more at the time of publication 
(Table I), but by personal communication with the authors this number has 
been increased to 24, of whom 17 have been followed up for periods of between 
two and 16 years. The column in the Table headed ‘Total follow-up’ shows the 
intervals after which the patients were reported still to have a normal blood- 
pressure, and in Fig. 2 these are represented in graphic form. In most instances 
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Fic. 2. Histogram showing the number of years 

for which normal blood-pressure has persisted, 

after removal of an ischaemic kidney or restora- 

tion of its blood-supply, in 27 patients. 

the blood-pressure levels were not above 140/90, although some of the oider 
patients in the series had systolic levels up to 150. In the one case in which 
figures have not been given, the physician’s statement that the blood-pressure 
was ‘normal’ has been accepted. The inaccuracies of indirect methods of 
measuring the blood-pressure are now widely appreciated, and one ‘should not 
attach too much importance to the precise figures obtained in the individual 
subject’ (Pickering, 1955). It must be emphasized again that in all these patients, 
in addition, there has been a sustained remission of the serious complications of 
hypertension which had been present and progressing before operation. Only 
one patient has had a recurrence of serious sustained hypertension during the 
period of follow-up, although one or two have had occasional high readings 
during periods of stress. The exception is Case 6 of Howard, Berthrong, Gould, 
and Yendt (1954). This patient, who was aged 54 at the time of operation, had 
been known to have benign hypertension for some years. Eventually malignant 
hypertension occurred, with the development of papilloedema, renal failure, and 
hypertensive encephalopathy. After nephrectomy the blood-pressure remained 
below 140/70 (at rest) for four months, but subsequent readings were in the 
range 160-200/80-100; that is to say, ‘benign’ hypertension returned four 
months after operation. The patient subsequently had several urinary-tract 
infections until, two and a half years after the operation, the malignant phase 
recurred (Dr. T. B. Connor, 1956; personal communication). The patient re- 
ported by Stone, McNally, Lord, and Hinton (1957) is the only one known to 
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have died. His blood-pressure remained normal (140/90 or less) until his death 
from thrombus formation in the aortic homograft. 

Diagnosis. If, as is here maintained, hypertension due to unilateral renal artery 
disease represents a form which, in its early stages, can be radically cured, it 
becomes important to have means of detecting such (admittedly rare) cases 
among the very great numbers of patients with hypertension. Platt (1947) has 
shown the value of a careful inquiry into the family history in separating essen- 
tial from secondary hypertension, and Langley and Platt (1947), in a general 
review of unilateral kidney disease as a cause of hypertension, have discussed 
the selection of patients for extensive investigation. Their criteria apply also to 
the special case of unilateral renal artery disease, but in this case, in addition, 
a history of a recent episode of unexplained abdominal pain is of special signi- 
ficance. It was obtained in about half the patients reviewed here. In most, but 
not all, it had occurred in one or other flank a few months before the discovery 
of hypertension. In four other patients there had been a recent abdominal 
injury or operation. In many instances the patients were known to have been 
normotensive at the time of this pain or trauma, and the subsequent develop- 
ment of hypertension was closely observed. Generally, but not by any means 
always, the disease was rapidly progressive. 

The most useful and important investigation is abdominal aortography. This 
is now a well-developed and safe technique (Riches and Whiteside, 1955). It 
had been used in 12 of the patients reviewed, as well as in the patient described 
here, and clearly demonstrated the abnormalities in the renal circulation. 
Poutasse and Dustan (1957) believe that it is indicated in the following groups 
of patients with hypertension : 

1. Those with unexplained disparity of size or function of the kidneys as 

shown by intravenous pyelography. 

2. Young patients with no family history of, and no apparent cause for, 
hypertension. 

3. Elderly patients with sudden onset of ‘accelerated’ hypertension. 

4. Patients with essential hypertension whose disease suddenly accelerates, 
especially when this acceleration follows an attack of unexplained pain in 
the flank. 

In the present series abdominal aortography was of special value in those 
patients who had a normal intravenous pyelogram. Intravenous pyelography 
was performed in 30 of the patients listed in Table I, and the results are sum- 
marized in Table II. It will be seen that the findings were often misleadingly 
normal, although in many patients complete absence of excretion was shown on 
the affected side. It is a necessary procedure in the investigation of patients 
suspected of having renal hypertension, but it must be interpreted with caution. 
Howard, Connor, and Thomas (1956) have found simultaneous study of the 
function of the separate kidneys, by collecting urine samples from the ureters, 
an aid to diagnosis. They found a lower concentration of sodium, and usually 
a smaller urine volume, on the ischaemic side. No benefit was obtained from 
nephrectomy when the sodium concentration in the urine from the diseased 
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kidney was equal to, or greater than, that from its fellow. In all the patients in 
this series the overall renal function was either normal or only slightly impaired. 
Severe renal failure implies a degree of damage to the opposite kidney sufficient 
to prejudice the chances of restoring normal blood-pressure by operation, and 
in its presence complicated investigations are unwarranted. When there is 
doubt, clearance studies should be made of the ‘good’ kidney. Graber and 
Shackman (1956) have emphasized the disparity between the results of clearance 


TaBxeE IT 
Intravenous Pyelograms 
Normal concentration of dye on both sides . : ee 
(One subsequently showed no excretion on one side. Three small I kidneys) 
Impaired concentration of dye on both sides | 
No concentration of dye on one side . + 


(One subsequently became normal) 
tests and assessment of renal function based upon excretion urography. The 
secondary effects of hypertension result in a lowering of the glomerular filtra- 
tion rate which is relatively greater than the effect upon tubular function. In 
these circumstances there may be adequate concentration of excreted iodine and 
a normal intravenous pyelogram. 

The pathological lesion. The factor common to the patient described here and 
those reviewed is a partial reduction of blood-supply to one kidney. Poutasse 
and Dustan (1956) have discussed, with examples, all the theoretical causes of 
this condition. Many of them are represented in the series under review, the 
cause of the partial obstruction in each case being indicated in the column of 
Table I headed ‘Lesion’. When the obstruction was in or near the aorta the lesion 
was obviously not included in the nephrectomy specimen, and in these cases 
the presence of obstruction could only be inferred from the histological appear- 
ances and, in some instances, the evidence of aortography. The histological 
findings in the present case are typical of those in the collected series. When an 
obstruction results in complete cessation of blood-flow, complete infarction of 
the kidney ensues, and either hypertension does not occur or it is very transient 
(assuming that the patient survives). A necessary condition for the production 
of renal hypertension is that there should be viable ischaemic kidney tissue. 
This may occur as a result of partial obstruction of the main renal artery, as a 
result of complete obstruction of a branch of the renal artery (in which case 
there is a zone of viable ischaemic tissue around an infarct), or as a result of 
complete obstruction of one of a series of anomalous renal arteries. The sequel 
is diffuse or patchy atrophy of the tubules, with or without a moderate degree 
of round-cell infiltration and interstitial fibrosis, and crowding together of glome- 
ruli which look relatively normal. Kincaid-Smith (1955) has inferred a causal 
relationship between these changes (‘incomplete infarction’) and hypertension. 
In a study of the histological changes in chronic pyelonephritis, she found 
incomplete infarction only in the kidneys of those patients who had had hyper- 
tension. It may be presumed that, in the patients discussed here, whose hyper- 
tension was relieved by nephrectomy, the remaining kidney was virtually 
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normal. If hypertension had been allowed to persist, the changes of malignant 
nephrosclerosis would probably have developed in the kidney whose artery was 
not obstructed, while the ischaemic kidney would have continued to be protected 
from the effects of hypertension. This state of affairs, which has been produced 
experimentally in rats by Wilson and Byrom (1941), has also been described at 
post-mortem examination in human subjects (Saphir and Ballinger, 1940 ; Good- 
man, 1952). If this stage had been reached, nephrectomy would not only have 
failed to lower the blood-pressure for any length of time, but might even have 
been harmful, throwing a greater strain on the remaining damaged kidney. 
Intermittent claudication. In addition to malignant hypertension due to uni- 
lateral renal artery disease, the patient described in this paper had complete 
obstruction of the lower abdominal aorta and common iliac arteries. This was 
the cause of the ‘rheumatism’. The pain which he described in the small of the 
back and buttocks, radiating down the back of the thighs to the knees, was so 
clearly related to effort that there could be no doubt, even before the physical 
examination, of its ischaemic nature. The patient described by Freeman, Leeds, 
Elliott, and Roland (1954) also had both conditions, and they were able to 
restore the blood-supply to the kidney by removing the thrombus from the 
aorta. The occurrence of intermittent claudication in the buttocks and both 
lower limbs due to obstruction at the bifurcation of the aorta was first recognized 
as a clinical entity by Leriche (1923). Later (Leriche, 1940; Leriche and Morel, 
1948) he gave fuller descriptions of the clinical features, and the syndrome now 
bears his name. Similar pain may occur in patients with aneurysms of the 
abdominal aorta. When he first described the condition, Leriche suggested that 
the ideal treatment would be to resect the obstructed segment and to re-establish 
the circulation. At that time it seemed scarcely possible, but the operation has 
now been successfully performed many times. DeBakey, Creech, and Cooley 
(1954) have recently reviewed the literature dealing with the condition, and 
described 22 personally observed patients treated by resection and replacement 
by an aortic homograft. 


I wish to thank the many doctors who willingly sent me up-to-date information 
about their patients. Without their co-operation the production of this paper 
would not have been possible. 

I also wish to thank Dr. F. H. Scadding, under whose care the patient was 
admitted, for his guidance in the management of the patient and in the prepara- 
tion of this paper; and Professor M. L. Rosenheim and Dr. E. M. M. Besterman 
for reading and commenting on the manuscript. 


Summary 
A patient is reported who suffered from malignant hypertension due to occlu- 

sion of one renal artery. This was associated with occlusion of the abdominal 

aorta (Leriche’s syndrome). He has remained normotensive for 22 months after 

nephrectomy. 
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Previous reports exist of 26 patients with well-established, complicated hyper- 
tension due to unilateral renal artery disease who became normotensive after 
nephrectomy or thromboendarterectomy. Twenty-three have remained normo- 
tensive for more than one year, and 17 for between two and 16 years. In the 
one patient in whom sustained hypertension is known to have recurred it did so 
after only four months. 

The condition should be particularly suspected in patients with no family 
history of hypertension who have rapidly progressive disease. A history of a 
recent episode of unexplained abdominal pain, or of trauma, is especially 
significant. 

The most useful diagnostic investigation is abdominal aortography, which 
will demonstrate the impaired blood-supply. Intravenous pyelograms may be 
normal in a significant minority of cases; in the remainder they will show im- 
paired or absent function on one side. Examination of urine obtained by ureteric 
catheterization may show a lower concentration of sodium in urine from an 
ischaemic kidney. 

Nephrectomy should be undertaken only if the function of the remaining 
kidney is normal or almost so. This will generally be shown by the absence of 
any overall renal failure, but clearance studies carried out simultaneously on 
the separate kidneys will decide the matter in doubtful cases. 

Sustained hypertension due to abnormalities of the renal blood-supply appears 
to depend upon the presence of viable ischaemic kidney tissue (‘incomplete 
infarction’). Histologically this consists of atrophy of the tubules, with inter- 


stitial fibrosis and round-cell infiltration, and crowding of glomeruli which appear 
otherwise normal. 
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Fic. 3. Intravenous pyelogram, 20-minute film. The right 

kidney, which is large, is excreting normally. There is no 

excretion from the left kidney, which on the original film 

was seen to be small. Calcification can be seen in the com- 
mon iliac vessels, especially on the right 


Fic. 4. Abdominal aortogram. The line drawing on the right includes vessels more clearly shown on later films. 

The right renal artery appears to be the continuation of the aorta. The left renal artery has not filled. Notice also 

that the inferior mesenteric artery has lost its origin from the aorta, and is filled from its first branch (the superior 
left colic) which has formed an anastomosis with the middle colic 


A: Aorta H: Hepatic artery. 1.C: Intercostal arteries. I.M: Inferior mesenteric artery. MC: Middle colic artery. R.R: Right renal 
artery. 8: Splenic artery. 8.M: Superior mesenteric artery 
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The left kidney, showing lack of definition of the cortico-medullary pattern, 
except at the lower pole 


Fie. 6. Section of left kidney stained with haeamtoxyliri and eosin. The glomeruli are crowded together. but are 
otherwise normal. There is considerable interstitial fibrosis, but little cellular infiltration. The tubules are 
atrophic (x 120) 
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THE CLINICAL COURSE AND PATHOLOGY OF HYPER- 
TENSION WITH PAPILLOEDEMA (MALIGNANT 
HYPERTENSION)? 


By P. KINCAID-SMITH, J. McMICHAEL, anp E. A. MURPHY 
(From the Department of Medicine, Postgraduate Medical School of London) 


With Plates 10 to 19 


VoLHarD and Fahr (1914), in one of the most remarkable clinico-pathological 
investigations of this century, recognized malignant hypertension as a mode of 
evolution of essential hypertension. They noted that the pathological arterial 
changes spread down into the smallest vessels of the kidneys, leading to focal 
nephritic damage and uraemia. This condition of Arteriosklerose plus Nephritis 
was also termed Kombinationsform. Clinically the condition was recognized by 
the occurrence of ‘neuroretinitis albuminurica’. They also appreciated a pre- 
uraemic stage as follows: ‘Im Friihstadium das reine Bild der einfachen Hyper- 
tonie bietend, héchstens durch den hohen Grad der Blutdrucksteigerung 
verdachtig, sehen wir solche Fille bisweilen unter unseren Augen das Antlitz 
wechseln und, wenn die kardialen oder vaskularen Komponenten nicht vorzeitig 
das Ende herbeifiihren, immer mehr nephritischen Charakter annehmen und 
schliesslich als Niereninsuffizienz zugrunde gehen.’ Wagener and Keith (1924) 
in the United States and Ellis (1938) in this country emphasized the gravity of 
malignant hypertension. The well-known mortality curve published by the 
Mayo Clinic workers (Keith, Wagener, and Barker, 1939) showed that 80 per 
cent. of hypertensive patients who had developed papilloedema had died in a 
year, 90 per cent. were dead at the end of two years, and very few survived 
beyond three years. A more recent study by Schottstaedt and Sokolow (1953) 
showed much the same general course. From time to time attempts have been 
made to break up the syndrome into sub-varieties. Certain authors (Keith, 
Wagener, and Kernohan, 1928; Derow and Altschule, 1935; Bechgaard, 1946) 
mentioned a primary form, which apparently developed with no preceding his- 
tory of hypertensive vascular disorder. Wilson and Byrom (1939) suggested that 
the term malignant hypertension should be reserved for cases of the malignant 
form of essential hypertension ; but the concept introduced by Derow and Alt- 
schule (1935, 1941), who gave an impressive list of the types of hypertension 
which could become complicated by the development of papilloedema and a 
malignant course, has become widely accepted. There is practically no type of 
hypertension which may not become complicated by the malignant phase ; 
1 Received May 3, 1957. 
Quarterly Journal of Medicine, New Series XXVII, No. 105, January 1958. 
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papilloedema has been mentioned in one case of hypertension due to coarctation 
of the aorta, although pathological confirmation of malignant hypertension in 
this disorder is not yet forthcoming (Cleland, Counihan, Goodwin, and Steiner, 
1956). 

Experimental studies, based mainly on the use of the Goldblatt clamp, have 
done much to orientate views on pathogenesis. The work of Wilson and Byrom 
(1939) established beyond doubt that a type of glomerulitis could result from 
the severe arteriolar lesions of malignant hypertension, thus settling finally a 
previously insoluble argument as to whether there was an underlying primary 
nephritis in almost all cases. Their work also showed that arteriolar necrotic 
lesions could be precipitated by the severity of the hypertension itself, a view 
which has also been repeatedly emphasized by Pickering (1942, 1952, 1955). 
Observations by Pickering, Wright, and Heptinstall (1952) have also shown that 
reduction of blood-pressure by various means could be associated with the dis- 
appearance of arteriolar necrotic changes. In spite of this apparently convincing 
evidence Bali and Goldblatt (1954) did not accept this view, and believed that 
some toxic factor may play a part. 

In view of the recent therapeutic use of hypotensive drugs, it was thought 
desirable to survey our clinical and pathological records to establish a suitable 
control series, reviewing the clinical course and pathology of ‘untreated’ malig- 
nant hypertension. All cases in which papilloedema complicated hypertension 
were included, whatever the primary cause of the hypertension. In general, and 
irrespective of cause, the prognosis in the whole group was practically identical 
with the familiar pattern of mortality shown in the well-known diagram of 
Keith, Wagener, and Barker (1939), and this alone justifies the inclusion within 
this clinical group of patients with diverse initiating pathological conditions. 


Material and Plan of Study 


On review of the case records we accepted 197 patients as having had malig- 
nant hypertension in this hospital during the 20 years 1935 to 1955. To 189 cases 
diagnosed clinically a further eight were added from the pathological records, 
all showing unequivocal pathological changes of malignant hypertension. In six 
of these eight cases severe retinitis was present without, or with doubtful, 
papilloedema, and in two the fundus detail was obscured by other ocular abnor- 
malities. These cases were included for clinical analysis, as it was clear that 
they conformed to the accepted pathological pattern and clinical course. 
Pathological material was available in 124 of the 197 cases. Five patients of 
the total series showed papilloedema without any detectable retinitis, but the 
clinical course and post-mortem evidence left no doubt that they also fell into 
the malignant hypertensive category. The only practical difficulty that occa- 
sionally arose was that of categorization of a patient in whom papilloedema was 
observed coincidently with a terminal intracranial haemorrhage. If papilloe- 
dema was only observed 24 hours or more after the stroke, differentiation of 
malignant hypertension from the consequences of increased intracranial pressure 
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might be practically impossible. The presence of papilloedema within the first 
24 hours was taken to indicate that it had antedated the stroke, particularly if 
exudates were present as well as haemorrhage. Post-mortem examination bore 
out the usefulness of these rather empirical criteria. The clinical features have 
been fully analysed, and correlated as far as possible with the pathological 
findings. 


Incidence of Malignant Hypertension 

Assuming that malignant hypertension is a complication of some form of 
pre-existing hypertension, it is of considerable importance to know the risk of 
its development in hypertensive subjects. There are great difficulties in the way 
of reaching an accurate figure, but we have made an approximation in the follow- 
ing manner. Studies of the incidence of hypertension have been made by Hamil- 
ton, Pickering, Roberts, and Sowry (1954) in London, Master, Dublin, and 
Marks (1950) in New York, and Miall and Oldham (1955) in South Wales. There 
is general agreement between the findings in these widely separated populations. 
Applying Hamilton, Pickering, Roberts, and Sowry’s figures to an English 
population of the age distribution documented by the Registrar-General in 1953, 
we should find approximately 14,000 persons with a systolic pressure over 
160 mm. Hg in a population of 100,000. Over 170 mm, Hg the figure would be 
approximately 10,000. Bechgaard, Kopp, and Nielsen’s (1956) recent 16-to- 
22-years’ follow-up of a thousand hypertensive patients shows that 35 per cent. 
were still alive at the end of that period. During a 20-year period, therefore, 
we may assume that the 14,000 hypertensives have dwindled to 4,900, while, 
if the incidence remains the same, 9,100 new cases have been added. In a 
20-year period, therefore, in a 100,000 population there have been 23,000 persons 
with a systolic pressure over 160 mm. Hg or, on a similar calculation, 16,500 
with a systolic pressure over 170 mm. Hg. During two decades 197 patients 
with malignant hypertension were admitted to Hammersmith Hospital. It so 
happens that the ‘catchment’ area of this hospital may be estimated at 
approximately 100,000. If we make the further assumption that all persons with 
malignant hypertension in this population have been admitted to our hospital, 
this would give an incidence of malignant hypertension of just over one per 
cent. of hypertensive subjects on the lower figure, and less than one per cent. on 
the higher population estimate. It will be shown later that malignant hyperten- 
sion is a rare development in the elderly, virtually vanishing after the age of 
65 years. A one per cent. risk is an average figure for the whole hypertensive 
population, but clearly the risk is higher than this in the younger age groups. 
In Bechgaard’s (1946) series of 1,000 hypertensive subjects observed over a 10- 
year period, seven of the patients had developed malignant hypertension by our 
criteria. His recent 16-to-22-years’ follow-up shows that no further cases of 
malignant hypertension developed in this group. These estimates of approxi- 
mately one per cent. are significantly below the incidence quoted by Perera 
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(1955) (7 per cent.). The latter figure is based on hypertensive persons seeking 
expert or hospital help because of symptoms related to their disease, a group 
which must clearly be a small fraction of the total hypertensive population at 
risk. 
Associated Pathological Conditions 
The features found at post-mortem examination of 124 cases are listed in 


Table I. By far the largest group of patients had essential hypertension, but 
Bright’s disease and chronic pyelonephritis made up more than one-third of the 


TaBLE I 
Classification of 124 Cases of Malignant Hypertension based on Post- 
Mortem Data 
Male patients Female patients Male and female 
Associated condition Tool % Toa % Toa ~% 
‘Essential’ . ° ‘ 31 44-3 21 38-9 52 41-9 
Chronic pyelonephritis . . 12 17-4 14 25-9 26 21-0 
Chronic glomerulonephritis . 9 12-9 10 18-5 19 15-3 
Polyarteritis nodosa 6 8-6 0 0 6 48 
Unilateral renal obstruc- 
tion 4 5-7 0 0 4 3-2 
Post- -pregnancy 0 0 3 5-6 3 2-4 
Irradiation of renal area 2 2-9 0 0 2 1-6 
Congenital small kidney 0 0 2 3-7 2 1-6 
Hydronephrosis 1 1-4 1 1-9 2 1-6 
Cushing’s disease 1 1-4 1 1-9 2 1-6 
Nephrocalcinosis 1 1-4 0 0 1 0-8 
Scleroderma . 0 0 1 1-9 1 0-8 
Tuberculous and pyelonephritic . 
kidney : 0 0 1 1-9 1 0-8 
Secondary renal hypertension 
(unclassified ) : 3 4:3 0 0 3 2-4 
70 54 os 124 


total series. A full analysis of causative factors was possible only when post- 
mortem material was analysed. In particular, the clinical recognition of chronic 
pyelonephritis often presented considerable difficulties, which will be elaborated. 


Duration of Hypertension Preceding Malignant Hypertension 

As far as can be determined, malignant hypertension complicates an ante- 
cedent benign hypertension. In 77 of our patients the blood-pressure was 
noted to be over 160/90, or the patients had been told by a doctor that the 
pressure was elevated, some time before the onset of malignant hypertension. 
The intervals between recognition of hypertension and the development of 
the malignant phase are shown in Table II. It is worthy of note that, among the 
11 patients classified as having had more than a decade of hypertension, the 
longest periods were 15, 18, and 30 years before the onset of malignant hyper- 
tension. The apparent diminishing incidence of malignant hypertension in 
Bechgaard’s series with prolonged observation (Bechgaard, Kopp, and Nielsen, 
1956) may bear some relation to the steadily advancing age in the whole group. 
It appears from the present data that, while the majority of persons developing 
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a malignant complication did so within eight years of the first observation of 
hypertension, there remained an appreciable though diminishing risk after this 
time. 


Primary Malignant Hypertension 

Occasional cases are recorded which are thought to suggest that malignant 
hypertension may develop as a primary disorder without an antecedent phase 
of ‘benign’ hypertension (Bechgaard, 1946). The establishment of such cases is 
difficult, as it depends on the observation of a normal blood-pressure imme- 
diately before the development of malignant hypertension. The most rapid 


IT 
Duration of Hypertension Preceding Malignant Hypertension 
4-6 years . ° - 


Total 


course observed in the present series was that of a woman in whom a pregnancy 
hypertension terminated fatally in six weeks; but even this patient had been 
hypertensive in a previous pregnancy, and, though her blood-pressure was 
normal early in the final pregnancy, a casual reading of 170/100 had been noted 
18 months before her death. In three other patients a normal blood-pressure 
had been recorded one to two years before the development of maiignant hyper- 
tension, so that we are aware that the disorder may occasionally develop with 
extreme rapidity. One young man, in whom the blood-pressure was found to be 
170/100 in February 1953, was observed monthly with no change in the ap- 
parently benign nature of the hypertension until August. In January 1954 
dyspnoea and nocturia developed, and in February he was admitted with 
malignant hypertension and blood-urea 220 mg. per 100 ml. Nephritic hyper- 
tension may fluctuate in severity, and a transient episode of acute hypertension 
with neuroretinopathy in such a case is recorded on page 125. 


I. CimyicaL INVESTIGATION AND COURSE OF THE DISEASE 
Clinical Features 

Age. As will be apparent from Fig. 1, the greatest incidence is in the age group 
50 to 54 years for men, and in the decade 45 to 54 for women. There is a falling 
incidence of malignant change in hypertension as age advances, which is in 
marked contrast with the rising number of hypertensive persons in the popula- 
tion (Fig. 2). The latter figure reaches its peak between 70 and 79 years in both 
sexes. The age distribution of malignant hypertension in the different aetio- 
logical groups will be discussed in the section on aetiological diagnosis. 
Sex. Of 197 patients with malignant hypertension 109 (55 per cent.) were 
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AGE 
Fic. 1, Age and sex distribution of the total series of 197 cases of malignant 
hypertension. 
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Fic. 2. The age distribution of estimated incidence of systolic blood- 

pressure of 180 mm. Hg or more in a population of 100,000 (Hamilton, 

Pickering, Roberts, and Sowry, 1954) and the number of cases of malignant 
hypertension assumed to be drawn from this population. 
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male, and 88 (45 per cent.) female. It will be seen from Table ITI that this pre- 
dominance in male subjects is mainly due to differences in the latter part of life, 
when hypertension in women runs a classically ‘benign’ course. 

Height of the blood-pressure. It is frequently said that the blood-pressure in 
malignant hypertension is both high and fixed, but in our experience the impor- 
tance of both of these features has been overstressed. It is clear that, by 
arbitrarily fixing the standards of abnormal blood-pressure sufficiently low, 
— hypertension can be shown to be associated with much higher 


Taste III 
Persons aged 10-49 Persons aged 50 and over 


Male Female “Male Female 


Systolic blood-pressure over 160 mm. 

Hg in a population of 100,000 

(Hamilton, Pickering, Roberts, and 

Sowry,1954) .. 509 839 3,793 8,796 
Malignant hypertension (197 dak: 52 57 57 31 
average blood-pressures than the so-called benign form; but a study of indi- 
vidual cases reveals that it is possible to have very high levels of blood-pressure 
without the development of a malignant course, and it is misleading to talk 
about the blood-pressure being in the ‘malignant range’. As a test of this 
observation, we have examined the average levels and standard deviations of 
blood-pressure in a random sample of patients with ‘retinitis’ in whom clinically 
and post mortem there was no evidence of malignant hypertension. From the 
non-malignant group we have excluded those in whom the available blood- 
pressure readings are unlikely to have been representative ; for example, those 
examined during a cerebral vascular accident or a myocardial infarction, those 
in whom the ‘retinitis’ was restricted to one or two spots and of the arterio- 
sclerotic type (Fishberg, 1954), and patients in whom the retinitis had another 
possible basis (for example diabetes, anaemia, or blood dyscrasias). Cases in the 
two groups have been matched in respect of sex, pathology, and, as far as 
possible, age. Such stringent criteria have whittled the number down to 25 in 
each group, and in some of these cases there are not very many blood-pressure 
readings (Table IV). It will be seen that the differences in pressure are not 
striking, though the blood-pressure tends to be a little higher in the malignant 
group. The overlap is so large that clearly one is not in a position to confirm or 
refute the diagnosis by the height of the blood-pressure or the fluctuation around 
the mean. Since the advent of ganglion-blocking therapy we have been doing 
hourly blood-pressure studies on all our patients for some days priortotreatment, 
and have confirmed the fact that wide swings in blood-pressure occur spon- 
taneously in malignant hypertension. This fact has been observed by other 
writers—see, for example, the 24-hour blood-pressure chart of Blainey’s patient 
(1952). 

Papilloedema is the cardinal diagnostic point in this group of patients with 
malignant hypertension. The course of the disease in every instance has been 
dated from the time of its first recognition. In the majority of instances there 
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was no clinical doubt of its presence, but sometimes a period of repeated 
observations of increasing haziness of disk outlines preceded the final categorical 


TaBLe IV 
Comparison of the Average and Standard Deviation of Blood-pressure in Two 
Groups Matched for Age and Sex, with Papilloedema and Retinitis alone 
respectively 
Systolic pressure 


Number of 
Standard devi- 
Standard devi- 


Number of 


readings 


Type 
i t 

Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
Malignant 
Benign 
All malignant cases 
All benign cases 


decision. There is no need to elaborate the well-known features of the fully 
developed picture. Quite commonly the condition developed as part of a general 
retinal oedema, and it was less usual to be able to measure disk swelling in 
dioptres above the surrounding retina. As already stated, five out of 189 
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patients had papilloedema only and no retinitis, but in all respects the course 
of their disease was identical with that seen in other cases in the series. Spon- 
taneous clearing of papilloedema is rare, and in this series it occurred in three 
patients, who had chronic Bright’s disease, nephrocalcinosis, and essential 
hypertension respectively. The time course of its development and disappear- 
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Fic. 3. Observations on the relationship between the appearance of papil- 
loedema and the cerebrospinal fluid pressure, showing the development of 
papilloedema while the pressure is falling. 
ance was studied in the patient with nephrocalcinosis, and is seen in Fig. 3. 
The striking point is the continued development of papilloedema, and the first 
appearance of retinitis, at a time when the blood-pressure and cerebrospinal- 
fluid pressure were falling. Blurring of the disk was first suspected when the 
cerebrospinal-fluid pressure was at its peak (175 mm. of water only), but com- 
pletion of the full picture of neuroretinitis took place when all pressures were 

approaching normal. 
The cerebrospinal-fluid pressure was recorded in 44 patients. Records in a 
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further eleven are excluded, having been made after a cerebral haemorrhage. 
The mean cerebrospinal-fluid pressure was 205 mm. of water, the standard 
deviation being 71-6 and the range 70 to 380 mm. of water. All the patients had 
papilloedema at the time, but, while the mean cerebrospinal-fluid pressure was 
high, many of the readings fell within the normal range. 


TABLE V 
155 Patients with Adequate Records of Presence or Absence of Headache 
No headache before or after diagnosis. . ‘ - 24 
Headache following knowledge of hypertension ° . ° - 40 
Headache preceding knowledge of hypertension - 91 


Headache. Recent studies (Stewart, 1953) have lees that headache is 
usually a neurotic or anxiety symptom developing in patients who have become 
aware that they are hypertensive. The variability of the headache, including 
its occasional spontaneous disappearance, is quoted as evidence against its 
organic nature. Focal cerebral ischaemia, however, may also be transient, and 
this circumstance does not preclude a serious organic origin (Clarke and Murphy, 
1956). Most of our information on headache has been drawn from cases analysed 


TaBie VI 


Development of Headache after Knowledge of Benign Hypertension 
Years after recognition Number of cases 35 


0-1 
1-3 5 
3-10 14 
Over 10 7 


personally, and Tables V, VI, and VII illustrate some of the findings. It is clear 
that headache does not necessarily ensue from an anxiety state resulting 
from the patient’s knowledge of hypertension. It may develop at any phase of 
hypertensive disease, sometimes years after its recognition (Table VI), but it be- 
comes an increasingly severe and frequent symptom as the malignant phase ap- 
proaches (Table VII). Headache may of course result from suggestion and anxiety, 
and of patients in whom it appeared in the malignant phase we considered 


VII 
Development of Headache Before Onset of the Malignant Phase (33 Cases) 
Months before 
malignant phase Moderate Severe % of total 
Over 12 0 6 18 
6-12 4 3 21 


0-6 5 15 61 


that three had neurotic characteristics. It appears that headache is more severe 
and more common in the younger age group. Details are given in Table VIII. 

Loss of weight. Of 139 patients as to whom information was adequate, 86 
had lost weight spontaneously (Table IX). Excluding patients in whom there 
was some other explanation for changes of weight, the fraction becomes 80 out 
of 106 (75 per cent.). Many of these patients had anorexia or uraemia (slight or 
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severe), or both, but there was nothing to suggest that loss of weight was deter- 
mined by either of these factors (Table X). It is quite likely that loss of weight 
is a common early manifestation which can precede the appearance of uraemia. 

Dizziness is a common complaint in hypertensive patients, and may be a 
presenting symptom. The subjective complaint may take various forms, but 


VIII 
Relation of Headache to Age in 155 Cases of Malignant Hypertension 


Under 45 Over 45 


years years Total 
Severe and moderate ° i 56 57 113 
Mild or none . 7 35 42 


Total . 63 92 155 
(x? = 12:39; P < 0-01) 

as a rule the most careful questioning does not permit any satisfactory classifica- 
tion. Adequate records of the presence or absence of dizziness were available 
in 133 patients. Thirty-nine complained of the symptom ; in eight of these there 
was either anaemia or some lesion of the central nervous system. Of the remain- 
ing 31, eight showed rotational features or symptoms like those of the onset of a 
fainting attack. 

Impairment of vision was noted as a recent symptom in 114 out of 180 
patients in whom documentation was satisfactory. It is well known that patches 


TaBie IX 
Weight Changes in 139 Patients 


Loss of weight 

On reducing diet 
Weight unchanged . 

Heart failure present 
Gain of weight 

Heart failure present 


of retinitis create blind spots in the peripheral field, but these may give rise to 
little subjective disturbance of eyesight. Some impairment of vision, however, 
always accompanies macular involvement. Attacks of blindness unrelated to 
retinal lesions occurred in two patients. One was in a girl aged 13 years, in 
whom the attack lasted half an hour. The second patient lost his vision tem- 
porarily during drug-induced hypotension, but recovered in an hour or two. 
Bilateral ischaemia of the occipital lobes, from obstruction of the upper basilar 
artery, may have been the cause. 

Albuminuria. Although renal damage is invariable in the terminal phase of 
malignant hypertension, in a small proportion of cases the damage is slight at 
the time the diagnosis is made. Albuminuria was noted in all but two of this 
series of 197 patients. Ellis (1938) also noted absence of albuminuria in the 
early stages in three out of 40 cases. Thus albuminuria is a nearly, but not quite, 
universal finding. 
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The erythrocyte sedimentation rate has been systematically recorded during the 
last five years in 46 patients with malignant hypertension, and the findings by 
the Westergren method were as follows: 

Under 20 mm./hour . : - 16 cases 
61-100 

Anaemia and heart failure might have played some part in elevating or 
lowering the sedimentation rate, but in the majority of patients the alteration 
could not be accounted for by such changes. In a number of patients with serial 


TaBLE X 
Analysis of 80 Patients with Spontaneous Loss of Weight 


Anorexia marked . 

Anorexia mild or absent 
readings there was no constant trend with progression of the disease. Although 
the highest figure (120 mm./hour) was found in a patient with glomerulo- 
nephritis, the sedimentation rate was of little diagnostic or prognostic value. 
The lowest figure (2 mm./hour) was recorded in a girl of 18 years, with ful- 
minating malignant essential hypertension, who died of uraemia in three months 
in spite of intensive pentolinium therapy. 

Neurological manifestations. Seventy-nine of 190 cases showed some involve- 
ment of the nervous system. Of 65 such patients in whom the cause of death was 
ascertained, 33 suffered a fatal neurological incident. Patients who have sur- 
vived the first neurological incident, however, are no more liable to die of a 
further stroke than those who have not had such an incident. Episodes of focal 
brain ischaemia, presumed to be due to cerebral thrombosis (Clarke and Murphy, 
1956), occurred in 35 patients, and cerebral haemorrhage was confirmed at 
autopsy in a further 23. The latter complication was almost invariably fatal 
within a few days. Generalized convulsions occurred in 11 patients, and focal 
epileptic phenomena in eight; two are still alive, and in four others areas of 
cerebral softening were found at autopsy. Lower-motor-neurone facial palsy 
was present in seven patients, and an abducent palsy in one. Further details in 
this series are described elsewhere (Clarke, in preparation ; Clarke and Murphy, 
1956). 

Added heart sounds. Modern phonocardiography, combined with better under- 
standing of cardiac haemodynamics, has led to more correct and aceurate 
documentation of heart sounds in recent years. As the patients approach death, 
added sounds are constantly heard. Among our untreated patients, none who 
had a third sound or summation gallop survived more than two months. A pre- 
systolic (auricular or fourth) sound was a less serious finding (Weitzman, 1955), 
often occurring before manifestations of heart failure. 
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Angina and coronary artery disease. Angina is a rare symptom in malignant 
hypertension. It was present in only seven of our total series, three female and 
four male patients. Their ages ranged from 40 to 66 years (average 50). Anaemia 
probably played a part in one case. The symptom was never the presenting 
feature, and it might, of course, be masked by dyspnoea on effort. It is of 
interest that the angina ceased to be a complaint in three patients after the 
appearance of the malignant phase. Five of the seven patients were known to 
have had hypertension for some years before papilloedema was recognized. The 
coronary arteries showed severe atheroma in only three of 35 patients under the 


TaBLe XI 
Relation between Clinical History and Pathological Diagnosis in 44 Cases of 
Secondary Renal Malignant Hypertension 
19 cases of chronic 25 cases of chronic 


No 
Sex History history History history 
Male 6 3 3 8 
Female . ° ° 7 3 5 9 
Total ‘ ° ° 13 6 8 17 


age of 40, and were free of atheroma in only 12 patients over the age of 40, the 
remainder showing atheroma in varying degrees up to great severity. Only one 
patient of all those examined post mortem had a recent coronary thrombosis ; 
in one patient a myocardial infarction had been caused by coronary occlusion 
from a dissecting aneurysm (Case 4, Beaven and Murphy, 1956). The infre- 
quency of coronary thrombosis as a cause of death in malignant hypertension is 
probably significant. Though it might be partly explained by the short course 
of the disease, it is in striking contrast to the incidence of cerebral ischaemia, 
which occurred in 35 of our patients, in 14 of whom cerebral arterial thrombosis 
was proved (Clarke and Murphy, 1956; Dr. E. Clarke, personal communication). 

Dissecting aneurysm of the aorta. In spite of the well-recognized association of 
dissecting aneurysm and hypertension, this complication is only rarely reported 
in malignant hypertension. It occurred in one out of 89 cases which came to 
post-mortem examination before the advent of methonium treatment. Beaven 
and Murphy (1956) collected nine cases occurring in patients receiving methon- 
ium treatment. It is possible that repeated reduction and elevation of blood- 
pressure may promote the occurrence of dissection. 


Aetiological Di 

A complete diagnosis requires identification of any underlying cause. This is 
sometimes easy and sometimes impossible. 

1. Clinical features. The history may provide evidence of pyelonephritis or 
glomerulonephritis. Table XI shows the number of patients, among 44 with 
post-mortem confirmation of the diagnosis, in whom such a history was obtained. 
In two-thirds of the patients with glomerulonephritis a history of frank nephritis 
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or facial swelling was forthcoming ; the proportion is the same in both sexes. Of 
the 25 cases of pyelonephritis, a history of recurrent urinary tract infection, or 
calculus, was elicited in only eight. In two-thirds of both the female and the 
male patients no such evidence was obtained. There was, in addition to those 
tabulated, one male patient in whom five years’ persistent albuminuria sug- 
gested glomerulonephritis, but post-mortem examination showed only the 


TaBLe XII 
Age in Relation to the Underlying Cause in 118 Patients in whom a Firm Clinical 
or Pathological Diagnosis had been Established 


Male patients Female patients 
Average Standard Average Standard 
Diagnosis Cases age Range deviation Cases age Range deviation Total 

‘Essential’ . 31 513 27-76 10-1 21 48-1 18-63 9-9 52 
Chronic pyelone- 

phritis - 13 48-2 29-62 8-9 19 38-6 14-68 15-4 32 
Chronic glome- 

rulonephritis . ll 29-4 13-45 9-9 13 35-6 7-53 13-6 24 
Polyarteritis 

nodosa 6 43-2 30-59 9-8 6 


Unilateral renal 
arterial occlu- 
sion 4 58-5 52-62 4-0 4 


renal changes due to essential hypertension. A history of recurrent pyelitis or 
pyelocystitis, repeated pyuria, the presence of urinary-tract obstruction includ- 
ing calculi, bouts of fever, or recurrent renal pain, all point to an underlying 
pyelonephritis. Even on applying these simple clinical criteria, together with 
intravenous or retrograde pyelography, pyelonephritis may readily be over- 
looked. Polycystic kidneys may be detected, and polyarteritis nodosa may be 
occasionally revealed by more specific groups of symptoms. 

2. Age. It is apparent from Table XII that the average age of all patients 
with malignant essential hypertension is higher than that of patients in whom 
this disorder is associated with pyelonephritis or glomerulonephritis. Female 
patients develop pyelonephritic hypertension earlier than male patients, and 
chronic glomerulonephritis affects a still younger age group. Fig. 4, in which the 
average age with the standard deviation is given as a vertical line, shows that 
the diagnostic value of these age differences is somewhat limited. Under the 
age of 30, however, the underlying disease is almost always renal. There were 
only two proved cases of malignant essential hypertension below this age in our 
series (ages 18 and 27). Over the age of 50 malignant hypertension may be 
precipitated by partial occlusion of a renal artery by thrombosis or an athero- 
matous plaque. Apart from these causes, all but seven of the patients over the 
age of 50 were classed as ‘essential’ in the absence of any other possibly asso- 
ciated conditions. 

3. Albuminuria (Table XIII). There are differences in the average daily loss 
of albumin in that patients with chronic pyelonephritis excrete less albumin 
than those with chronic glomerulonephritis. Patients with malignant essential 
hypertension fall into an intermediate category. A variable slight albuminuria 
is more suggestive of pyelonephritis, while a constant heavy albuminuria 
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is suggestive of glomerulonephritis. In the terminal stages of all varieties of 
malignant hypertension, when renal impairment is gross, albuminuria may 
become heavy, and may be associated with a generalized puffy oedema of a 
‘nephrotic’ type. Quantitative estimations of albumin may then be of little 
diagnostic value in weighing probabilities. 

4. Family history. The presence or absence of a family history is frequently 
given weight in judging whether or not hypertension is ‘essential’. In consider- 
ing family history in this series we have excluded deaths from old age and strokes 


AGE 
M M 
ad M F 
M F 
F 
50 | 
40) ? 
d 
30) 
24 6 32 52 4 No.of cases 
1 
Glomerulo- Polyarteritis Chronic Essential Unilateral renal 
nephritis Nodosa pyelonephritis Hypertension @rtery obstruction 


Fic. 4. The age distribution in the five largest aetiological groups of malignant hyperten- 
sion in the present series. The dots represent the mean age, and the vertical lines represent 
the standard deviation either side. (M=male, F=female patients.) 
over the age of 70 years. A positive family history was thus a history of prema- 
ture death from hypertensive or arterial disease in parents or siblings. If the 
same criteria are used throughout, it is notable that a positive family history 
was obtained just as frequently in the pyelonephritic and total renal series as in 
the ‘essential’ hypertensive group (Table XIV). This series has the further 
advantage that pathological confirmation of the diagnosis was obtained in 92 
of the 105 cases shown in the table, and in the remainder clinical diagnosis of 
the cause of the hypertension seemed satisfactory. The series contains one 
instance of mother and daughter suffering from malignant hypertension. Both 
are alive and under treatment. There isa clear history of pyelitis in the daughter. 

5. Blood-urea at the time of diagnosis of the malignant phase (Table XV). At 
the time of recognition of papilloedema the blood-urea was normal (under 40 
mg. per 100 ml.) in only one out of 21 patients with chronic glomerulonephritis ; 
just over half the patients in this group had a blood-urea level over 200 mg. per 
100 ml. Of 43 patients with malignant essential hypertension 10 had normal 
blood-urea (under 40 mg. per 100 ml.), and 26 had a level under 80 mg. per 
100 ml. The pyelonephritic series (25 cases) was intermediate, in that the blood- 
urea level could vary very widely at the time the diagnosis was made (Table XV). 
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6. Haemoglobin level in relation to the underlying disease (Table XVI). The 
level of the haemoglobin at the time of the recognition of malignant hyperten- 
sion is given as a diagnostic criterion between the essential and renal forms of 


XIII 
Daily Output of Albumin in the Urine in 40 Cases of Malignani Hypertension 


Cases Range 
‘Essential’ . 17 0-4-12 
Chronic glomerulonephritis 15 0-4-20-5 
Chronic pyelonephritis . 8 0-8—-4-5 
* Geometrical average. 


TaBLe XIV 


Family History of Hypertension in the Different Aetiological Groups in 105 Cases 
Number of Positive family 
Diagnosis cases history 
‘Essential’ 39 15 (38-5%) 
Chronic pyelonephritis 23 10 (43-5%) 
Chronic 17 4 (23-56%) 
Other renal ° 14 5 (35-7%) 
All renal cases. 54 19 (35-2%) 
Miscellaneous . 12 7 (58-3%) 


TaBLE XV 


Blood-urea at the Time of Diagnosis of the Malignant Phase in 89 Cases 
Blood-urea (mg./100 ml.) 


‘Under 40 41-80 81-120 121-200 Over 200 Total 
Essential hypertension . 10 16 2 4 1l 43 
Chronic pyelonephritis . 5 6 3 2 9 25 


Chronic glomerulone- 
phritis . 1 3 1 4 12 21 


Taste XVI 


Haemoglobin Level at the Time of Diagnosis of the Malignant Phase in 78 Cases 
Mean 
haemoglobin 
Number level 
Diagnosis of cases (g./100 ml.) 


Chronic pyelonephritis ‘ : ° 21 9-7 
Chronic glomerulonephritis ° ° 18 8-9 


malignant hypertension (Ellis, 1938). The difference is due to the presence of 
long-standing renal damage before papilloedema appears. We have satisfactory 
data from a group of 78 patients in whom the haemoglobin was estimated 
within two weeks of the diagnosis of neuroretinopathy. The haemoglobin level — 
was higher in the ‘essential’ than in the renal group, the difference of the 
means being statistically significant (Table XVI). 
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Cause of Death (Table XVII) 


The cause of death is by no means always clear-cut. As will be seen from this 
analysis of the cause of death in 105 traced untreated patients, in nearly half 
there was a complex impairment of cardiac and renal function, the two being 


XVII 


Cause of Death in 105 Untreated Patients 


Uraemia and heart failure (including 4 with bronchopneumonia) . 
Uraemia (including 3 with bronchopneumonia) 

Heart failure (including 2 with pneumonia and 1 with eophyoemn) 
Cerebral vascular catastrophe (including 4 with uraemia) . . 
Myocardial infarction 


Dissecting aneuryem (and simultaneous cerebral haemorrhage) . 


mutually detrimental. In one-fifth of the untreated cases death was due to a 
cerebral catastrophe (haemorrhage or infarction). Myocardial infarction is a 
strikingly rare cause of death, and one case of dissecting aneurysm was accom- 
panied by a simultaneous cerebral haemorrhage, a coincidence to which atten- 
tion has been called (Foster, 1955). 


Prognosis 
The period of survival after diagnosis is usually short. Fifty-five per cent. of our 
patients were dead in two months if untreated, and 90 per cent. were dead in a 
year. Only one patient survived beyond five years. This patient is still alive 
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‘ass es the SURVIVAL (months) 
Fic. 5. Survival in 105 untreated cases of malignant hypertension. 


22 years after the spontaneous disappearance of papilloedema. Our figures thus 
corroborate completely those published by Keith, Wagener, and Barker from 
the Mayo Clinic (1939). We had a larger percentage of early deaths, possibly 
because more dying patients reach hospital in an urban area. The survival 
times may be made to assume a normal frequency distribution by plotting on a 
logarithmic time scale, as in Fig. 5. The evil prognosis of this clinical group 
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fully warrants the title ‘malignant’. It cannot be too strongly emphasized that 
the diagnosis of this condition signifies a clinical prognostic group, of which the 
pathological lesions and possible aetiological factors may vary considerably. 
Methods of treatment such as sympathectomy and removal of a unilateral 
diseased kidney altered the prognosis only very slightly. Out of 119 patients 
only 14 were regarded as suitable for such procedures, and the very slight 


PERCENTAGE 
SURVIVAL 


Fic. 6. Survival in 105 untreated cases of malignant 

hypertension, and the modification of prognosis by 

inclusion of 14 further patients treated by sympa- 
thectomy and nephrectomy. 


modification of prognosis that this brought about in the whole series is shown in 
Fig. 6. Including such ‘treated’ patients, mortality was 82 per cent. at one year, 
and three patients survived to five years. Patients with malignant hypertension 
selected for operations such as sympathectomy are obviously those with a more 
favourable prospect of survival. Advanced heart failure and rapidly progres- 
sive uraemia were regarded as contra-indications. From this total series we 
have matched those patients who were so treated with an untreated series of 
patients, who might have qualified for operation on the grounds of a low blood- 
urea level at the time of recognition. Although the numbers are small, they 
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show differences from the total series (Fig. 7). It is clear that in this group the 
prognosis as a whole is rather better. Four out of nine patients in the control 
series survived for a year, and one survived over four years. Those selected for 
sympathectomy or nephrectomy had a slightly better expectation of life, three 
out of 14 surviving to five years. 


PERCENTAGE 
SURVIVAL 


— Treated (14 cases) 


coos Untreated (9 cases) 


Fic. 7. Comparison of survival in 14 patients 
treated by sympathectomy or nephrectomy 
(11 sympathectomy, three nephrectomy) and a 
control group of nine untreated patients with 
comparable initial blood-urea levels. 


On multifactorial analysis within the whole group, no prognostic differences 
were detected which could be related to sex or to cardiological or neurological 
involvement, Age had very little influence, but the analysis showed that the 
initial level of the blood-urea had a significant effect on the survival time. An 
interesting difference emerged in relation to renal as contrasted with essential 
malignant hypertension. Table XVIII shows a higher average survival in the 
renal group than in the ‘essential’ group, in spite of an initially higher figure for 
blood-urea. While the differences in survival of these two groups are not them- 
selves statistically valid, they become so when a correction is added to take 
account of the influence of blood-urea.? Since the majority of patients with 

2 Statistical details are available on application to the authors. 
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malignant hypertension are severely uraemic at death, it is apparent that the 
tempo of progress of renal damage is more rapid when it results from the malig- 
nant hypertensive process alone than when malignant hypertension is a conse- 
quence of other renal disease. This surprising finding may be correlated with 


TaBLe XVIII 
Survival of Patienis with Malignant Hypertension from Time of Recognition 


Geometric mean blood- 
Geometric mean Meanage urea level (mg./100 ml.) 
survival (months) (years) on diagnosis 
Renal (45 cases) » 0-991 37-7 171 
‘Essential’ (52 cases) 0-590 52-3 92 


the less severe vascular changes in the kidney noted in cases of renal origin. 
The prognostic difference of the two groups has been noted previously by Cor- 
coran and Page (1944). It is also of interest that the survival time after the 
development of pericardial friction is significantly longer in the renal group 
(Fig. 8). 


y 9 V3 1 


Fic. 8. Survival after the appearance of pericardial friction. 
The shaded squares represent cases of malignant essential 
hypertension. 


II. PaTHoLocy 
Pathological Diagnosis of Malignant Nephrosclerosis 

The specific arterial lesions described by Fahr (1919, 1925) are the criteria on 
which the pathological diagnosis of malignant nephrosclerosis depends. The 
interlobular arteries show a cellular hyperplasia of the intima (productive 
endarteritis or endarteritis fibrosa) (Plate 10, Fig. 10), which appears to be an 
even more specific lesion than the accompanying fibrinoid degeneration in 
afferent arterioles (Plate 10, Fig. 11). The latter change may also involve 
glomeruli. Similar lesions may occur in other conditions, as follows: 


1, Benign hypertension. Kimmelstiel an Wilson (1936a) described a group 
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of patients with benign hypertension and renal decompensation who showed 
scattered ‘alterative glomerulitis’ similar to that seen in malignant hyperten- 
sion. In addition they described cases of ‘borderline’ malignant hypertension 
which showed scattered fibrinoid degeneration in arterioles. In examining a 
series of 50 kidneys from cases of benign hypertension with retinal haemorrhages 
and exudates, but without papilloedema, we have found scattered fibrinoid 
necrosis in afferent arterioles, or scattered glomerulitis, or both, in 40 per cent. 
These cases did not, however, show the cellular intimal proliferation in inter- 
lobular arteries which characterizes malignant hypertension. 

2. Polyarteritis nodosa. The fibrinoid lesions in the microscopic form of poly- 
arteritis nodosa, described by Davson, Ball, and Platt (1948) and Wainwright 
and Davson (1950), may be very similar to those seen in malignant nephro- 
sclerosis. Although the above authors did not find accompanying cellular in- 
timal proliferation in interlobular arteries, we have found both types of arterial 
change in cases fulfilling the other criteria of this form of polyarteritis. Confusion 
with malignant hypertension, however, does not frequently arise, because 
patients with microscopic polyarteritis are usually normotensive (Davson, Ball, 
and Platt, 1948). Other characteristics which help to differentiate the two 
conditions are the very widespread glomerular involvement and the cellular 
infiltration which accompanies the necrotic vascular and glomerular lesions in 
polyarteritis. The finding of healed and active lesions typical of polyarteritis 
in larger arteries in other organs confirms the diagnosis. 

3. Scleroderma. Where the renal vessels are involved in cases of scleroderma 
the lesions may be virtually identical with those found in malignant hyperten- 
sion. A marked degree of cellular hyperplasia in interlobular arteries, and 
fibrinoid necrosis in afferent arterioles and glomeruli, occur in both hypertensive 
and normotensive cases of scleroderma (Moore and Sheehan, 1952). We have 
not confirmed the claim made by these authors that this condition can usually 
be differentiated histologically from malignant hypertension. The case of 
scleroderma in the present series was included on the basis of a firm clinical 
diagnosis of malignant hypertension. 


Pathological Criteria for the Diagnosis of Aetiological Conditions in Secondary 
Renal Malignant Hypertension 

1. Glomerulonephritis. These cases are subdivided according to Ellis (1942). 

(1) Type 1 nephritis. (i) Rapidly progressive form. The diagnosis of this 
condition presents no difficulties. Glomerulitis, with typical epithelial crescent 
formation, affects almost every glomerulus (Plate 11, Fig. 12). (ii) Slowly 
progressive form (chronic glomerulonephritis). These cases must be differentiated 
pathologically from the so-called primary contracted kidney of long-standing 
nephrosclerosis, and from the regularly contracted diffuse pyelonephritic kidney. 
The majority of the glomeruli have disappeared completely, and nearly all the 
remainder show old adhesions between the tuft and Bowman’s capsule (Plate 11, 
Fig. 13), crescent formation being infrequent. This appearance contrasts with 
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the usual persistence of hyaline glomerular scars in pyelonephritis and vascular 
nephrosclerosis. 

(2) Type 2 nephritis. The uniform glomerular involvement in this condition, 
and the hyaline thickening of the glomerular basement-membrane (Plate 12, 
Fig. 14), progressing to a uniform lobular intercapillary accumulation of hya- 
line material (Plate 12, Fig. 15), constitute a very characteristic picture. Inter- 
stitial oedema and fibrosis, and tubular atrophy, are further features. The 
important conditions from which the late stage requires differentiation are amy- 
loid and diabetic glomerulosclerosis, both of which show less uniform glomerular 
involvement. 

2. Chronic pyelonephritis 

(1) Classical irregularly contracted pyelonephritic kidneys. The features of this 
type of pyelonephritis have been described by Staemmler and Dopheide (1930), 
Fahr (1938), and Weiss and Parker (1939). Macroscopically, coarse irregular 
scarring, together with a difference in the size and shape of the two kidneys, is 
characteristic. Microscopically such cases show alternating and sharply demar- 
cated areas of normal and scarred parenchyma, together with the more specific 
features of dilated, colloid-containing tubules (‘thyroid-like’ areas), crowded 
hyaline glomeruli, periglomerular fibrosis, and cellular infiltration (Plate 13, 
Fig. 16). 

(2) Diffuse regularly contracted pyelonephritic kidneys. This type of pyelone- 
phritis is not well established as an entity in human pathology. Mallory, Crane, 
and Edwards (1940) demonstrated that in experimental pyelonephritis renal 
contraction may be regular or irregular, depending on the diffuse or patchy 
character of the acute pyelonephritic lesions. A group of six cases in the present 
series showed a uniform renal contraction together with diffuse pyelonephritic 
scarring. Macroscopically such kidneys show a coarser granular surface than that 
which occurs in chronic glomerulonephritis (Plate 13, Fig. 17), and occasional 
deep scars may be present. The kidneys in this group were usually considerably 
smaller than those seen in chronic glomerulonephritis. The microscopic features 
differ from classical pyelonephritis in that the scarring involves small groups of 
nephrons. Broad fibrous bands separate groups of hypertrophied, but otherwise 
normal, nephrons. These fibrous bands may contain collections of ‘thyroid- 
like’ tubules, hyaline glomerular scars, or glomeruli showing periglomerular 
fibrosis (Plate 14, Fig. 18). Characteristic isolated glomeruli with a dilated 
Bowman’s space and a thickened capsule with a wavy outline (Ellis, 1942) 
(Plate 14, Fig. 19) are fairly common. Other features which help to establish 
the diagnosis are fibrosis and inflammation of the renal pelvis, and the destruc- 
tive vascular lesions described in classical chronic pyelonephritis (Kincaid- 
Smith, 1955). 


Pathological Findings in the Present Series 
Pathological material was available in 124 cases. In 116 the diagnosis of 
malignant hypertension had been made clinically, and a further eight were 
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included on the basis of a pathological diagnosis of malignant nephrosclerosis. 
Because scattered fibrinoid necrosis may occur in benign hypertension, only 
cases which showed both proliferative endarteritis and fibrinoid necrosis were - 
included on pathological grounds alone. Although the greater part of this section 


TaBLe XIX 
Heart Weight in 83 Cases of Malignant Hypertension 
(Percentage of normal for sex and body —“— Zeek, 1942) 
Not significantly overweight 
Less than 25% overweight 
25-50% overweight 
50-75% overweight 
75-100% overweight 
More than 100% overweight 


TaBLe XX 
Post-Mortem Incidence of Fibrinous Pericarditis in 124 Cases 


Chronic pyelonephritis . 
Chronic 
Others 


Distribution of Vascular Lesions in Organs other than the Kidney in 59 Cases 
Cellular intimal 
Fibrinoid in 

Organ arterioles 


Pancreas 
Adrenal 
Intestine 
Liver 
Brain 
Testis 
Prostate 
Gall-bladder . 


is devoted to a description of the findings in the kidneys, the study included a 
consideration of the morbid anatomy, and examination of histological material, 
from all available tissues in each case. 


1. Findings in organs other than the kidney 

(1) Heart. The relevant findings in the coronary arteries are discussed in the 
clinical section. In 83 cases in which the body length was recorded, the weight 
of the heart was compared with the average figures given by Zeek (1942). The 
findings are summarized in Table XIX. Fibrinous pericarditis was present in 
26 of the 124 cases coming to autopsy. Details are given in Table XX. 

(2) Brain. Relevant details are given in the clinical section. 

(3) Adrenals. Of 36 cases in which accurate weights of the adrenals were 


Number 
of cases Pericarditis Percentage 
TaBLe XXI 
. 


140 P. KINCAID-SMITH, J. McMICHAEL, AND E. A. MURPHY 


available, the glands in all but two were found to weigh over the average 
normal of 12 to 14g. Their combined weights varied between 8 and 45 g., the 
average being 18-6 g. 
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Fic. 9. The distribution of vascular and glo- 
merular lesions in the kidney in the different age 
groups in this series. Note (1) the milder 
changes in the young (renal) group, and (2) the 
replacement of cellular hyperplasia by fibrous 
internal thickening in patients over 60. 


(4) Pituitary sections were available in 40 cases. Dr. A. G. E. Pearse kindly 
examined these, and found obvious ‘Crooke’-cell change in the two cases of 
Cushing’s disease ; in addition, a change very similar to the classical ‘Crooke’ 
cell was present in 12 cases. This appearance has been termed ‘para-Crooke’ by 
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Pearse (1956), and he considers that it indicates an excessive production of 
adrenal steroids. 

(5) Distribution of vascular lesions in organs other than the kidney. Special 
attention was given to the specific vascular lesions of malignant hypertension. 
Sections of most organs were available in 92 cases. Fifty-nine showed vascular 
lesions of malignant hypertension in arteries and arterioles outside the kidney. 
Table X XI gives the distribution of these lesions. 


TaBLe XXII 


Incidence of Specific Vascular Lesions in the Kidney in 94 Cases of Untreated 
Malignant Hypertension 
Cellular 
Both hyper- 
Number vascular Fibrinoid plasia 
of cases changes alone alone Neither 
‘Essential’ . 39 33 (85%) 3 0 3 
Chronic pyelonephritis 20 13 (65%) 1 4 2 
° 16 7 (44%) 0 7 2 
Others 19 14 (74%) 2 1 2 
Total . ° . 94 67 (71%) 6 12 9 


2. The renal lesions 

Previous clinico-pathological studies (Kimmelstiel and Wilson, 1936a; Ellis, 
1938) have provided evidence that the vascular and parenchymal lesions which 
characterize malignant nephrosclerosis represent the final stage of malignant 
hypertension. The present series substantiates this belief. Where death pre- 
ceded renal failure, the vascular and parenchymal lesions were slight. They could 
even be absent, though the clinical picture and course were undoubtedly those 
of malignant hypertension. The vascular lesions within the whole group show 
certain variations with age. These are summarized in Fig. 9. In the group over 
60 years of age cellular intimal hyperplasia is rare, and the interlobular arteries 
show a fibroelastic thickening similar to that seen in benign hypertension. Under 
the age of 30 years vascular lesions are often slight or absent. Where they are 
present, cellular intimal changes in interlobular arteries predominate, fibrinoid 
being scanty in both glomeruli and arterioles. All but two of the cases in this 
group are nephritic or pyelonephritic, and this association may be at least as 
important as the age. The extent and type of vascular lesions vary in the dif- 
ferent aetiological groups. The findings in 94 untreated cases are shown in 
Table XXII, which demonstrates that it is in essential malignant hypertension 
that both characteristic vascular changes are most frequent. In the following 
description the cases are subdivided on an aetiological basis, all those showing 
conditions which may have been causally related to the hypertension being 
considered separately. 

(1) Essential malignant hypertension (52 patients, 31 male and 21 female). In 
this group no causal condition was found. The kidneys were usually equal 
in weight, and showed only moderate reduction in size. Their combined weight 
varied from 180 to 380 g., with an average of 260 g. (normal 300 to 360 g.). In 
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only eight cases was the combined weight below 200 g., but this group in- 
cluded one patient who had survived more than two years after papilloe- 
dema had been noted. The classical lesions of malignant nephrosclerosis are 
well documented (Fahr, 1919, 1925; Klemperer and Otani, 1931; Kimmelstiel 
and Wilson, 1936a; Ellis, 1938; Heptinstall, 1953). Certain aspects which have 
received little attention are discussed below. 

The relationship between renal failure and histological lesions is best studied 
in this group. Where renal function was normal, or only slightly impaired, vas- 
cular and parenchymal lesions in the kidney were slight or absent. In the 
majority of patients with marked elevation of the blood-urea level both 
the specific vascular changes of malignant hypertension were widespread. Of 
the two lesions, however, extreme narrowing of interlobular arteries by cellular 
intimal proliferation (Plate 10, Fig. 10) appeared to be more important in the 
production of renal failure. An almost identical lesion is thought to account for 
renal failure in scleroderma (Moore and Sheehan, 1952). In several patients who 
had had marked elevation of the blood-urea level, fibrinoid necrosis of afferent 
arterioles was scattered or absent, but these patients, and all others with renal 
failure, showed narrowing of interlobular arteries by proliferative endarteritis. 
This narrowing results in ischaemic atrophy of the related nephrons, tubular 
shrinkage and resultant glomerular crowding producing the picture of incomplete 
infarction described by Fahr (1934). Adjacent interlobular arteries frequently 
show different degrees of narrowing, thus resulting in alternating atrophic and 
hypertrophic wedges of cortex (Plate 15, Fig. 20). This accounts for the- 
characteristic macroscopic appearance in malignant hypertension (Plate 15, 
Fig. 21), the pale raised nodules corresponding to hypertrophied nephrons, 
and the intervening dark, sunken areas being the incompletely infarcted 
cortex. Polyarteritis nodosa may give rise to a very similar appearance, except 
that the alternating parenchymal wedges are larger because the obstruction is 
in larger vessels. 

A good correlation exists between afferent arteriolar and glomerular fibrinoid 
necrosis, the two lesions being continuous in many instances (Plate 10, 
Fig. 11). In those cases of renal failure in which necrotic lesions predominated, 
extensive involvement of afferent arterioles (up to 50 per cent.) was observed. 
Glomerular fibrinoid necrosis, however, seldom involved more than 20 to 30 per 
cent. of glomeruli. Haemorrhagic infarction (Plate 16, Fig. 22) of glomeruli 
was another common accompaniment of arteriolar occlusion by fibrinoid necro- 
sis. In the arterioles, in addition to necrotic lesions, cellular intimal proliferation 
continuous with that in interlobular arteries, and producing considerable nar- 
rowing, was a common feature (Plate 16, Fig. 23). In view of the experimental 
finding that a constricting Goldblatt clamp protects against the development of 
arteriolar necrosis (Wilson and Byrom, 1939), it is relevant to note that arteriolar 
necrosis may often be seen in afferent arterioles fed by arteries considerably 
narrowed by proliferative endarteritis. The glomerulitis, which in the past has 
led to the incorrect diagnosis of glomerulonephritis, rarely causes serious diag- 
nostic difficulties once its existence is recognized. It is so frequently associated 
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with fibrinoid degeneration within the glomerular tuft that it is likely to be a 
direct consequence of this change. It is very distinctive when the fibrinoid 
is still recognizable. In later stages, however, the glomerular lesions may 
mimic all those seen in subacute and chronic glomerulonephritis, including 
well-marked crescent formation (Plate 16, Fig. 24). The distinction from 
glomerulonephritis depends on the number of glomeruli involved, and on the 
close association between glomerular lesions and arteriolar fibrinoid necrosis. 

(2) Chronic pyelonephritis (26 cases). All cases showing undoubted histological 
lesions of chronic pyelonephritis were included in this group. They are sub- 
divided according to the type and distribution of the lesions. (i) Classical 
irregularly contracted kidney of chronic pyelonephritis (Plate 13, Fig. 16). Of 
the 13 patients in this group 11 were women and two were men. The two men 
were aged 54 and 45 at death. The range of age in female patients was from 12 
to 59 years, the average age being 36 years. A marked difference in size and 
shape of the two kidneys was noted in all but one of these cases. The lesions 
were unilateral in seven and bilateral in six cases. Nephrectomy was performed 
in two of the unilateral cases. In one of these two patients, a man aged 41, the 
hypertension was relieved, and papilloedema did not recur in the remaining 13 
years of his life; death was due to cardiac infarction. In the other patient, a 
girl aged 12 years, the hypertension was somewhat improved, and the patient 
lived for three years after the nephrectomy ; death was due to a cerebral haemor- 
rhage. Ten of the cases in this group have been reported previously (Kincaid- 
Smith, 1955). The vascular lesions of malignant hypertension require careful 
interpretation in cases of chronic pyelonephritis, as both fibrinoid necrosis and 
cellular intimal hyperplasia may result from adjacent inflammation. (ii) Diffuse 
pyelonephritis (Plate 13, Fig. 17; Plate 14). Six cases showed widespread, 
diffuse chronic pyelonephritic lesions, with coarsely granular contracted 
kidneys (as described on page 138). The group includes three men and three 
women ; their ages ranged from 29 to 53, with an average of 43. The kidneys 
were on the average smaller than those in any other group, the combined 
weight varying from 90 to 290 g., with an average of 143 g. (iii) Mild pyelo- 
nephritis. Undoubted, but scattered, pyelonephritic scarring, which might 
have been unrelated to the hypertension, was present in seven men, whose ages 
ranged from 39 to 62, with an average of 50 years. 

(3) Glomerulonephritis (18 cases). 

(i) Ellis type 1. (a) Rapidly progressive (stormy subacute type of Lodhlein, 
1910). Two girls, aged seven and a half and 14 years respectively, had been diag- 
nosed clinically and histologically as having type 1 nephritis. In each case, 
however, a history of a rash preceded the nephritis, and in one the rash was diag- 
nosed as Henoch-Schonlein purpura. The histological lesions described in cases 
of Henoch-Schénlein purpura do not differ from those of rapidly progressive 
type 1 nephritis (Gairdner, 1948) (Plate 11, Fig. 12). The course of the illness 
was 10 months in one case and 16 months in the other; well-marked papilloe- 
dema was present in both. The kidneys showed slight reduction in size in one 
case, but marked reduction in the other, and were finely granular in both cases. 
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(b) Slowly progressive (chronic) glomerulonephritis. This group includes 13 cases, 
eight in male and five in female patients. The age range is 13 to 53 years, with 
an average of 33 years. The kidneys showed a generalized regular contraction 
and a fine uniform granularity. Their combined weight was significantly greater 
than in the diffuse pyelonephritic group, varying from 110 to 320 g., with an 
average of 209 g. The widespread glomerular involvement, on which the diag- 
nosis of chronic glomerulonephritis rests, consists for the most part of apparently 
old fibrous adhesions between the glomerular tuft and Bowman’s capsule (Plate 
1l, Fig. 13). Acute lesions associated with fibrinoid necrosis, such as are 
described in the ‘essential’ group, are rare. Ellis (1942) regarded the glomerular 
lesions in chronic glomerulonephritis as secondary to the vascular changes of 
hypertension. If this is so, it is not clear why the majority of glomeruli should 
show this type of involvement, since the vascular lesions of malignant hyper- 
tension are scanty or even absent in this group (Table XXII). In the ‘essential’ 
group it was observed that the ‘hypertensive’ glomerular lesions apparently 
resulted from fibrinoid necrosis in afferent arterioles and glomerular tufts. This 
type of lesion is rare in chronic glomerulonephritis, and yet glomerular adhesions 
are far more common than in essential malignant hypertension. These observa- 
tions seem to indicate that the extensive old glomerular lesions in chronic 
glomerulonephritis are more likely to be the result of the original nephritic 
glomerulitis than secondary to the vascular changes of malignant hypertension. 
A feature of chronic glomerulonephritis which has received little attention is 
the presence of numerous areas of small tubules from which glomeruli have dis- 
appeared, or are in the process of disappearing (Plate 17, Fig. 25). These pre- 
sumably represent ‘aglomerular’ nephrons. They are of interest because of their 
resemblance to the small tubules in areas of incomplete infarction due to vascu- 
lar obstruction in pyelonephritis (Kincaid-Smith, 1955), polyarteritis nodosa, 
and other conditions, such as atheromatous obstruction of the renal artery. 
They are also similar to the small tubules lined by plump epithelial cells which 
have been described by Selye in the ‘endocrine kidney’ (1950). Tubules of this 
sort are common to almost all the renal lesions associated with hypertension. 
.c) Acute supervening on chronic type 1 nephritis. A man aged 19 years, who had 
had hypertension and papilloedema, showed well-marked renal contraction 
(combined kidney weight 145 g.) and disappearance of glomeruli, indicating 
chronic glomerulonephritis, together with a superimposed florid nephritic lesion, 
almost every remaining glomerulus showing crescent formation. No fibrinoid 
necrosis was present in arterioles or glomerular tufts. The lesions were inter- 
preted as acute superimposed on chronic glomerulonephritis. There was a his- 
tory of an attack of acute nephritis 12 years previously. 

(ii) Ellis type 2. Only two cases showed the histological lesions characteristic 
of type 2 nephritis ; both were in female patients, aged 39 and 44 years respec- 
tively, each of whom had had a phase of marked oedema. In the first case the 
kidneys were grossly enlarged, together weighing 680g. Histologically the lesions 
were those of an early type 2 nephritis (Ellis, 1942), with generalized hyaline 
thickening of the glomerular basement-membrane and widespread interstitial 
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oedema (Plate 12, Fig. 14). There was no evidence of renal vein thrombosis. 
The other case showed moderate renal contraction (combined weight 280 g.). 
The microscopic features were those of a late type 2 nephritis, with abundant 
accumulation of intercapillary hyaline material in the glomerular tuft (Plate 12, 
Fig. 15). These individual glomerular appearances are similar to the intercapil- 
lary glomerulosclerosis of diabetics (Kimmelstiel and Wilson, 19365); there 
was, however, no clinical evidence of diabetes, and such uniform glomerular 
involvement is unusual in diabetic glomerulosclerosis. 

(4) Renal arterial obstruction. Three cases showed obstruction in the main 
renal artery on one side, and in a fourth case a major branch of the renal artery, 
supplying half of one kidney, was occluded. In all four the obstruction was due 
to a combination of atheroma and recent or old thrombosis, with recanaliza- 
tion. In this connexion it is of interest that the patients’ ages (53, 60, 61, and 
62 years) were above the average for the series. All four were men. The kidneys 
showed characteristic macroscopic and microscopic features. The ischaemic 
kidney or portion thereof was small and dark, with a smooth surface. In the 
case in which half of one kidney had been deprived of its blood-supply a sharp 
and sudden demarcation was seen between the smooth, atrophic, ischaemic por- 
tion and the pale, granular, hypertrophied half with blood-supply intact. Micro- 
scopically the ischaemic portion showed the features of incomplete infarction, 
namely, small crowded glomeruli and atrophic tubules (Plate 17, Fig. 26). 
These areas did not show the periglomerular fibrosis and cellular infiltration 
which is present in the incompletely infarcted areas of pyelonephritis (Kincaid- 
Smith, 1955). The vascular lesions of malignant hypertension were not present 
in the atrophic areas. In one case the ischaemic kidney showed no decrease in 
size, and no histological abnormalities of the renal parenchyma were detectable ; 
but the vascular and parenchymal lesions of malignant hypertension, which 
were well marked in the opposite kidney, were absent in the ischaemic one. 
These cases, and in particular the last, in which no structural abnormality was 
present in the renal parenchyma, provide the clinical analogy to the experiment 
in which the lesions of malignant hypertension failed to develop beyond a 
clamped renal artery (Wilson and Byrom, 1939). The fact that no hypertensive 
vascular lesions were present in the ischaemic kidney tissue suggests that the 
obstruction preceded the hypertension, and that the hypertension resulted from 
the relatively ischaemic ‘Goldblatt’ kidney. 

(5) Polyarteritis nodosa. Six men, aged 31, 32, 44, 47, 47, and 59 years, showed 
vascular lesions characteristic of healed polyarteritis nodosa in medium-sized 
and small arteries, namely, segmental destruction and collagenous replacement 
of the elastic laminae and muscle (Plate 18, Fig. 27). These vessels usually 
showed evidence of recanalization of the lumen. In three cases the diagnosis was 
obvious, with abundant evidence of healed polyarteritis in numerous organs, 
including the kidneys. In two cases suspicions were aroused by localized foci 
of cellular intimal proliferation, with extreme narrowing in interlobar renal 
arteries (Plate 18, Fig. 28), and further sections revealed the characteristic 
segmental destructive lesions of the media. In one case, in which the diagnosis 
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was suspected on clinical grounds, a thorough search revealed numerous small 
nodules on mesenteric arteries, which showed the microscopic features of healed 
polyarteritis. The only other microscopic evidence of polyarteritis in this case 
was the finding of healed lesions in some of the arcuate renal arteries. In cases 
showing extensive involvement of renal arteries there were the classical appear- 
ances of alternating atrophic and hypertrophic wedges of cortical tissue, corre- 
sponding to the distribution of diseased and normal vessels (Plate 19, Fig. 
29). 

(6) Malignant hypertension following toxaemia of pregnancy. Three young 
women, aged 27, 31, and 34 years, had malignant hypertension after pregnancy 
toxaemia. Two of these patients, in whom a fulminating malignant hyperten- 
sion, with terminal anuria, developed in spite of termination of the pregnancy, 
have been reported previously (Counihan and Doniach, 1954). In all three cases 
the lesions differed in degree from those in the essential group. In one patient 
(M. T., aged 34) almost every afferent arteriole, and a number of smaller inter- 
lobular arteries, showed fibrinoid necrosis. Glomerular fibrinoid lesions were 
present, but cellular hyperplasia in interlobular arteries was very scattered and 
slight, This case ran the most rapid course of the whole series. Both the others 
showed unusually widespread fibrinoid necrosis, with some cellular infiltration, 
in interlobular arteries (Plate 19, Fig. 30). The fibrinoid necrosis was asso- 
ciated with occlusion of these vessels, and abundant small cortical infarcts were 
present in one case. 

(7) Malignant hypertension following irradiation. Nephritis and benign and 
malignant hypertension have been described as sequels of irradiation of the 
abdomen (Luxton, 1953). Dean and Abels (1944) reported a case of severe 
hypertension in a young woman seven years after irradiation of the left renal 
area. An operation was performed, and an atrophied and sclerotic left kidney 
removed. The hypertension was permanently relieved. A similar case report 
appeared recently (Levitt and Oram, 1956), and Wilson and Ledingham (1956) 
have induced malignant hypertension experimentally by irradiation. In the 
present series two men, both aged 46 years, gave a history of full courses of 
X-ray therapy to abdominal fields including the renal area. One had been treated 
for a reticulosarcoma of the bowel seven years before he died from malignant 
hypertension. The blood-pressure before treatment was 140/90 ; two years later 
it had risen to 170/110, and one month before his death the patient was admitted 
with uraemia and papilloedema, and a blood-pressure of 250/148. Histologically 
the lesions were in no way different from those of florid essential malignant 
hypertension. In the second case the blood-pressure was 120/75 before radio- 
therapy was given to the abdominal lymph-nodes. The tumour in this case was 
a seminoma of the testis. Four years later the blood-pressure was 165/115, and 
six years after X-ray therapy, on his final admission, the patient was uraemic 
and had bilateral papilloedema. The histological lesions were those of malignant 
nephrosclerosis. One kidney was smaller than the other (167 and 134 g.), and 
showed a significantly greater degree of interstitial fibrosis. 

(8) Hydronephrosis. In two patients, a man aged 55 and a woman aged 68, a 
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unilateral hydronephrosis was present. Neither showed any associated pyelone- 
phritis. 

(9) Cushing’s syndrome. A man aged 40 had the classical clinical and patho- 
logical features associated with Cushing’s syndrome. The adrenals weighed 
25 g. together (normal 12 to 14 g.), and showed generalized hyperplasia. The 
basophils in the pituitary showed abundant ‘Crooke’-cell change. The cause of 
death was a dissecting aneurysm of the aorta. A woman aged 33 is included 
under this heading, on the pathological evidence of numerous ‘Crooke’ cells in 
the pituitary gland. In addition she showed microadenomata of the adrenals, 
which together weighed 22 g. The clinical features of Cushing’s syndrome were 
not convincing. The patient was obese, and showed an abnormal glucose- 
tolerance curve. The renal lesions were those of malignant nephrosclerosis in 
both cases. 

(10) Congenital small kidneys. Two women, aged 38 and 51 respectively, had 
unilateral congenital small kidneys. Pyelonephritic lesions were not present, 
the small kidneys being histologically normal. 

(11) Scleroderma. In one woman, aged 38 years, fulminating malignant hyper- 
tension occurred in association with the clinical syndrome of scleroderma. The 
rapidly progressive renal failure in this case, terminating in oliguria, was very 
similar to the cases described by Moore and Sheehan (1952). The histological 
lesions, while fulfilling all the histological criteria for the renal lesions of sclero- 
derma, were at the same time compatible with the picture of a florid malignant 
nephrosclerosis. In addition to extensive arteriolar and glomerular fibrinoid, 
extreme narrowing of the interlobular arteries by cellular intimal hyperplasia 
was widespread. An additional feature, uncommon in essential malignant hyper- 
tension, was the presence of abundant fibrinoid necrosis in interlobular arteries. 
Many of these arteries were completely occluded, and the whole cortex was 
studded with small (1 mm.) areas of infarction. No compensatory tubular hyper- 
trophy, such as is almost invariably present in essential malignant hypertension, 
was noted in this case. This finding suggested a simultaneous and rapid narrow- 
ing of interlobular arteries. The impossibility of deciding which lesions should 
be attributed to the malignant hypertension, and which to the scleroderma, 
served to emphasize the similar nature of the vascular lesions in these two 
conditions. 

(12) Secondary renal hypertension (unclassified). In three cases, in each of 
which an undoubted chronic renal lesion was present, a definite diagnosis was 
not reached. The kidneys were contracted, with some features suggestive of 
both chronic glomerulonephritis and chronic pyelonephritis. 

(13) Nephrocalcinosis. A man aged 40 years, with a history of excessive inges- 
tion of an alkaline powder with a high calcium carbonate content for an active 
duodenal ulcer, came to autopsy five years after an episode of malignant hyper- 
tension, which is discussed more fully above (page 125, Fig. 3). The kidneys 
showed widespread nephrocalcinosis ; the vascular lesions were those of benign 
nephrosclerosis. 


(14) Tuberculous with superimposed non-specific pyelonephritis. A woman 
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aged 42, who had had a left nephrectomy 24 years before for tuberculosis, and a 
subsequent right nephrolithotomy six months before her death, showed com- 
bined tuberculous and non-specific chronic pyelonephritis in the right kidney at 
autopsy. 


Discussion 

In the many excellent studies of malignant hypertension which have been 
published (Volhard and Fahr, 1914; Keith, Wagener, and Kernohan, 1928; 
Keith, Wagener, and Barker, 1939; Ellis, 1938; Derow and Altschule, 1935, 
1941; Schottstaedt and Sokolow, 1953) attention has usually been focused on 
either the clinical course or the ‘typical’ pathological accompaniments, but no 
attempt has been made to link these studies by detailed analysis of a large 
group of cases well documented from both angles. The present attempt to 
remedy this deficiency seems particularly necessary in relation to efforts now 
being made to treat the condition with hypotensive drugs. All that is common 
to malignant hypertension is the bad prognosis and rapid course, often punc- 
tuated by cerebrovascular disorders. and terminating in cardio-renal failure. 
The characteristic clinical hallmark is papilloedema, usually with active retinitis, 
but exudates and haemorrhages may occasionally be absent (five cases out of 
197). In a few cases the rapid course and characteristic pathological findings 
may occur without the recognition of papilloedema (six cases out of 197). In 
the presence of characteristic clinical features, with a severe and rapidly fatal 
course, a fully developed histological picture in the renal arterioles was found 
in 71 per cent. of cases. Where there was pre-existing Bright’s disease, charac- 
teristic arteriolar changes in the kidney were found in only 44 per cent., but 
even in essential hypertension running a characteristic malignant course the 
anatomical damage in renal vessels may be completely absent in 7 per cent. In 
this small group death occurred from cerebral haemorrhage or cardiac failure 
without uraemia. 

The work of Wilson and Byrom (1939) and Byrom and Dodson (1948) sug- 
gested that the arteriolar necrosis might be the mechanical effect of extreme 
elevation of arterial pressure, a point of view also repeatedly supported by 
Pickering (1942, 1952, 1955). Our data show that it is difficult to sustain this 
view when instances of malignant hypertension are matched, age for age, with 
cases falling into the benign class and with fundus changes short of papilloe- 
dema. Furthermore, scattered arteriolar necrotic changes are not infrequently 
seen in benign hypertensive kidneys ; and the most important and most charac- 
teristic vascular change seems to be proliferative endarteritis in the interlobular 
arteries. The latter change predominated in patients with rapidly progressive 
uraemia. It is also of interest that arteriolar necrotic changes can be quite 
intense in vessels distal to such narrowed interlobular arteries. If narrowing 
reduces pressure in the vessels beyond, high pressure could hardly be responsible 
for arteriolar necrosis. It is interesting to note that six out of Volhard’s original 
32 patients had systolic pressures under 200 mm. Hg at the time of diagnosis. 
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Malignant hypertension is a complication of a variety of types of pre-existing 
hypertension. Only a small proportion of the total hypertensive population 
(about one per cent.) seems likely to develop a malignant phase. The condition 
attacks male rather than female patients, in spite of the greater number of female 
hypertensive subjects. The incidence is higher in young hypertensive patients, 
but most of these cases are nephritic or pyelonephritic. Women pass through 
the period of maximum risk between 40 and 50 years, and men in the succeeding 
decade. After the age of 60, in spite of large numbers of hypertensive subjects 
in the population, malignant hypertension diminishes, and practically vanishes 
by the age of 70 years. In patients over the age of 60 with malignant hyperten- 
sion the histological lesions are much less florid, and intimal cellular hyperplasia 
is seldom seen, the arterial changes occurring at this age being fibroelastic 
intimal thickening indistinguishable from that seen in benign hypertension. 
Gallavardin (1924) remarked that old age, by retarding pathological processes, 
opposed the rapid progression of hypertension. 

While we cannot deny the validity of the experimental evidence that damage 
to the arteriolar walls by acute and severe elevations of blood-pressure can pro- 
duce arteriolar necrosis, it would be unwise to assume that this is the only type 
of injury which can be responsible for such changes. The tissue response could 
be the same if the vessels were damaged by some toxic influence, or even by 
allergic injury. On numerous occasions we have been struck by the difficulty 
of differentiating the fibrinoid necrosis of malignant hypertension from prac- 
tically identical changes seen in polyarteritis and scleroderma. It is important 
to note that Bali and Goldblatt (1954) held a somewhat similar view, believing 
that a toxic influence is necessary, though we cannot agree that uraemia is re- 
sponsible. The complex aetiology of arteriolonecrosis is shown in the ex- 
periments of Fleming (1953). He observed acute arterial lesions in rabbits which 
had died with hypertension and uraemia after clamping of one renal artery and 
removal of the other kidney. In similarly treated rabbits which did not spon- 
taneously develop uraemia, in spite of comparable hypertension, there were no 
acute arterial lesions, even when uraemia was induced by removal of the re- 
maining kidney. Malignant hypertension may be determined by some new and 
unknown factor in addition to a high level of blood-pressure. It is dif- 
ficult to put forward, with present knowledge, a completely satisfactory 
hypothesis of malignant hypertension. If we are prepared to accept retinal 
haemorrhages, exudates, and papilloedema as exudative lesions, we might also 
include in the same category the fibrinoid exudation in the glomeruli and 
fibrinoid infiltration of the arteriolar walls. All these manifestations could thus 
be grouped as an ‘exudative angiitis’, which could vary in its local severity. 
In this manner we could account for the few cases without papilloedema 
at one end of the scale and the variable intensity of renal vascular lesions at the 
other. 

We have nothing to add to the many excellent descriptions of the clinical 
course of the disease. An unusual feature was the occurrence of lower-motor- 
neurone facial palsy in seven cases. This feature, together with an irregular and 
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unusual distribution of oedema and a raised sedimentation rate in some cases, 
has raised problems of diagnosis from polyarteritis, with which malignant hyper- 
tension may have affinities. In two recent cases muscular weakness due to a 
potassium-losing state suggested the diagnosis of primary aldosteronism, which, 
however, was not confirmed by further clinical and pathological evidence. A 
similar case reported recently revealed no adrenal tumour at operation, in spite 
of an increased secretion of aldosterone (Holten and Petersen, 1956). As our 
material has been collected during a period of 20 years, no impression of the 
incidence of potassium loss can be given. There has been a tendency recently 
to ascribe hypertensive headaches to anxiety and neurosis (Stewart, 1953). Our 
studies contradict this belief. Headache is not contemporaneous with subjective 
knowledge of hypertension, and in fact often increases steadily in severity 
and frequency in the year immediately preceding the recognition of malignant 
hypertension. In this respect it can be a most important warning symptom. 
Papilloedema is the most constant clinical sign of malignant hypertension, and 
in a few cases (five out of 197) it was unaccompanied by retinitis. In a few others 
(six out of 197) the whole course and pathology of the disease were characteris- 
tic, though the fundus showed only active retinitis, without oedema of the disk. 
We have three well-documented cases in which papilloedema and retinitis 
cleared spontaneously without treatment. Such measurements as have been 
made in this series do not support the view that papilloedema is caused by 
elevated cerebrospinal-fluid pressure ; it was frequently present when the cere- 
brospinal-fluid pressure was normal. In this respect we support the findings of 
Taylor, Corcoran, and Page (1954). In one carefully studied patient (page 125, 
Fig. 3) papilloedema and retinitis were intensified while the cerebrospinal-fluid 
pressure was falling. The appearance of papilloedema and retinitis in associa- 
tion with arteritis, but with normal blood-pressure, is recognized (Miller and 
Daley, 1946), and we have seen two similar instances. 

While the prognosis is almost uniformly bad, patients in whom there is a 
nephritic cause for the malignant episode may survive a little longer after diag- 
nosis than those who have essential hypertension. This fact was also com- 
mented upon by Corcoran and Page (1944). Renal damage determined entirely 
by vascular changes appears to be more severe and more rapid than that seen 
in malignant nephritic hypertension, in which the tempo of progress of the 
uraemia is somewhat slower. In the recognition of aetiological factors the 
greatest stumbling-block is chronic pyelonephritis. Tested by the criteria men- 
tioned on page 130, the condition was missed in 68 per cent. of cases, and one 
mistaken diagnosis was made, the patient having cystitis only. Further im- 
provement is needed in our methods of recognizing this important factor. It is 
worth re-emphasizing that renal factors are almost universal under the age of 
30, and common under the age of 40 years. Our data in this respect are similar 
to those of Platt (1948). In this age group a most vigorous search should be 
instituted to avoid overlooking a unilateral pyelonephritic kidney which can 
be removed. 
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Summary 
The natural history of hypertension with papilloedema (malignant hyperten- 
sion) is reviewed in a series of 197 patients, in 124 of whom pathological material 
was also available. It is considered that malignant hypertension is a relatively 
unusual complication, affecting only one per cent. of persons who have a systolic 
pressure over 170 mm. Hg, but the incidence in young hypertensive subjects 
is much higher. The complication is very rare after 65 years of age, and 
nearly all our patients under 30 years old had either nephritis or pyelonephritis. 
The disease affects male slightly more often than female subjects. The maxi- 
mum incidence is between 40 and 60 years. 

Arterial pressure tends to be very high, but is not impressively higher than 
that found in a control series of patients with benign hypertension, and malig- 
nant hypertension may develop with systolic pressures below 200 mm. Hg. 
Papilloedema does not seem to result from elevated cerebrospinal-fluid pressure, 
although the latter is often high. 

The clinical features are discussed in detail, and attention is called to loss of 
weight, raised erythrocyte sedimentation rate, and the premonitory importance 
of severe headache, particularly in younger subjects. 

Underlying aetiological factors include essential hypertension (41-9 per cent.), 
pyelonephritis (21 per cent.), and glomerulonephritis (15-3 per cent.), while a 
variety of other renal and arterial disorders account for the remaining 21-8 per 
cent. 

In general, the prognosis corresponds well with that outlined by Keith, 
Wagener, and Barker (1939). The disorder progresses more slowly in nephritic 
and pyelonephritic subjects than in malignant essential hypertension. 

The underlying pathological findings in the various types are outlined and 
illustrated. The correspondence between clinical and pathological diagnosis is 
close, but in six out of 197 patients characteristic pathological findings occurred 
without recognizable papilloedema. In those cases in which death occurred 
from cerebral haemorrhaye or cardiac failure and without uraemia, the charac- 
teristic vascular lesions in the kidney were absent. 

The characteristic vascular changes, proliferative endarteritis and arteriolar 
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necrosis, are most extensive and florid in the ‘essential’ hypertensive group of 
patients aged 30 to 60 years. The changes are less severe in the younger group 
with primary renal disease, while in patients over 60 changes similar to those of 
benign hypertension tend to dominate the picture. 
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BP) Quarterly Journal of Medicine 7 Vol. XXVII, New Series, Pl. 10 
| 
Fic. 10. Cellular intimal hyperplasia (proliferative 
endarteritis or endarteritis fibrosa) in an interlobular - 
renal artery (haematoxylin and eosin, x 220) 
| 


Fic. 11. Fibrinoid necrosis in an afferent arteriole extending into the 
glomerular tuft (Mallory’s azo carmine, x 180) 
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Quarterly Journal of Medicine Vol. XX VII, New Series, Pl. 11 


Fic. 12. Rapidly progressive Ellis type 1 nephritis, showing widespread glomerular 
crescent formation (haematoxylin and eosin, x 105) 


Fic. 13. Glomerulus from slowly progressive 

type 1 nephritis, showing fibrosis and old 

adhesions in the glomerular tuft (haematoxylin 
and eosin, x 180) 
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Fig. 14. Early Ellis type 2 nephritis, showing thickening of the 
glomerular basement membrane, interstitial fibrosis and oedema, 


Fic. 15. Late Ellis type 2 nephritis, showing uniform lobular accumulation of hyaline material between 


Vol. XX VII, New Series, Pl. 12 
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and tubular atrophy (haematoxylin and eosin, ~ 205) 


the glomerular capillaries (haematoxylin and eosin, x 175) 
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Fre. 16. Chronic pyelonephritis, showing periglomerular fibrosis, ‘thyroid-like’ tubules, and 
extensive cellular infiltration (haematoxylin and eosin, x 95) 


Fic. 17. Coarsely granular kidney surface in diffuse pyelonephritis 
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Quarterly Journal of Medicine Vol. XX VII, New Series, Pl. 14 
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Fic. 18. Diffuse chronic pyelonephritis, showing grossly hypertrophied nephrons by fibrous 
bands. The fibrous bands contain glomeruli with periglomerular fibrosis and ‘ thyroid-like’ tubules 


(haematoxylin and eosin, x 40) 


Fic. 19. Glomerulus in diffuse pyelonephritis, 

showing periglomerular fibrosis and a thickened 

wavy capsule round a dilated Bowman’s space 
(Ellis, 1942) (Mallory’s azo carmine, x 100) 


Quarterly Journal of Medicine Vol. XX VII, New Series, Pl. 15 


Fic. 20. Renal cortex in malignant essential hypertension, showing wedges of hypertrophic and atrophic nephrons 
corresponding to areas supplied by moderately and severely narrowed interlobular arteries respectively (haema- 
toxylin and eosin, x 42) 


Fic. 21. Macroscopic appearances in malignant essential hypertension, with pale raised 
nodules and intervening dark sunken areas, corresponding to the wedges of atrophic and 
hypertrophic nephrons shown in Fig. 20 


: 
‘ 
4 
Wes: 
4 
4 
2 4 cm. 6 8 10 
5 


Vol. XX VII, New Series, Pl. 16 


‘Fic. 22. Glomerulus showing hae- 
morrhagic infarction due to occlusion 
of its afferent arteriole (haematoxylin 
and eosin, x 180) 


Fic. 23. Afferent arteriole from malig- 
nant essential hypertension narrowed 
by cellular intimal hyperplasia within 
the somewhat fragmented internal elas- 
tic lamina (Weigert’s eiastic, haema- 
toxylin, and van Gieson’s stains, 
= 430) 


Fic. 24. Crescent formation in a glo- 
merulus in malignant essential hyper- 
tension, mimicking Ellis type 1 nephritis 
(haematoxylin and eosin, x 205) 
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Fic. 25. Renal cortex from chronic glomerulonephritis, showing abundant small atrophic 


tubules and one scar of a disappearing glomerulus on the right (haematoxylin and eosin, 
180) 
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Fie. 26. Renal cortex showing glomerular crowding (left), due to incomplete infarction, at the 
junction with normal renal parenchyma (right), from a case of occlusion of a main branch of 
the renal artery (haematoxylin and eosin, x 28) 
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Fic. 27. Arcuate rena] artery from a case of healed polyarteritis nodosa, showing segmental 
destruction of the wall and collagenous replacement of elastic lamina and muscle. The lumen 
shows recanalization (Weigert’s elastic, haematoxylin, and van Gieson’s stains, x 105) 


Fic. 28. Iterlobar renal artery from polyarteritis nodosa, showing thickening of the media and 
marked narrowing by cellular intimal] proliferation (Weigert’s elastic, haematoxylin, and van 
Gieson’s stains, x 35) 
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‘1G. 29. Renal cortex, from a case of polyarteritis nodose, at the junction between atrophic (left) 
and normal (right) renal parenchyma (haematoxylin and eosin, » 30) 


x 
Fic. 30. Interlobular artery from a case of post-pregnancy malignant hypertension, showing un- 
usually severe fibrinoid necrosis associated with cellular infiltration (haematoxylin and eosin, « 175) 


{ — Quarterly Journal of Medicine 

; 3 


ay 
> 
4 
4 
4 ‘ 
| 
: 
is 
t 


> 
> 
> 
> 
4 
4 
; 

re 
4 
ig 

4 
4 
i 

, 


Recent Publications 


CHRONIC BRONCHITIS, EMPHYSEMA, AND COR PULMONALE 
By C.H. STUART-HARRIS and T. HANLEY. 
252 pp. 61 Illustrations, somein colour. 428., postage 18. 3d. 


This monograph has been written as a record of the successive pieces of research carried out by the staff of 
the Department of Medicine of the University of Sheffield in the past ten years. It secks to y some- 
on whom the burden of management and treatment of the disease usually 


CEREBRAL PALSY IN CHILDHOOD 
By GRACE E. WOODS. With a foreword by PETER HENDERSON. 
166 pp. 21 Plates. 278. 6d., postage 18. 


An analysis of the aetiology of all the cerebral palsies in childhood—antenatal, natal, and postnatal 
in origin—which gives at the same time a description of the child’s other defects, such as deafness or sensory 
loss, and thus a clinical assessment of the whole child. The survey on which these are based has been 
carried out during the last five years in Bristol, and the book is an elaboration of an . thesis, 


; BASIC CARDIOLOGY 
3 By T. E. GUMPERT. 156 pp. 72 Illustrations. 2§8., postage 1s. 


This book will bridge the gap between the detailed ialist text-books on the subject and the more concen- 
trated and often dull accounts to be found in standard text-books of medicine. It is based upon lectures, 
some given to caer and others to postgraduates, and is primarily intended for = yy Daa with « an abiding 


interest in cardio 


FAT CONSUMPTION AND CORONARY DISEASE. An Evolutionary Answer to 
this Problem 


By Surgeon Captain T. L. CLEAVE, R.N. 40 PP. §8., postage 4d. 
A monograph which it is hoped will prove helpful to the profession in its efforts to combat the great menace 
that coronary disease has become. It should be helpful to dieticians and others interested. 


john Wright & Sons Ltd., Bristol 


THE JOURNAL OF HYGIENE 


Eprrep sy H. J. BENSTED, O.B.E., M.C., M.R.C.P. 


VoLuME 55, No. 4 DECEMBER 1957 


TyrreLL, D. A, J., BALpucci, D., SNELL, B., and Zaman, T. ExisaBeTH. The incidence 
of infection with poliovirus and other viruses in cases of aseptic meningitis (‘non- 
paralytic poliomyelitis’) in Sheffield in 1954. 

Maa 5 M. and Cameron, D. Aseptic meningitis due to infection with ECHO virus 

ype 7). 

LAHELLE, O. Aseptic meningitis caused by ECHO virus. 

Isaacs, A. Antibodies to influenza viruses in the sera of Nigerians. 

Stevens, K. M. Poliovirus as an antigen. 

KapLan, C. and BetyAvin, G. The titration of vaccinia virus by the pock counting 
technique. 


— E. A. The titration of vaccinial neutralizing antibody on chorio-allantoic mem- 
ranes. 


Arcuer, G. T. L. and Wurrsy, J. L. Protection of mice by living Vi and O vaccines 
against death caused by Salmonella paratyphi C. 

McLaren, ANNE. The effect of vaccines and other substances upon the course of neuro- 
tropic virus infection. 

Houwnnk, E. H. and Rotvinx, W. The quantitative assay of bacterial aerosols by electro- 
static precipitation. 

ARMITAGE, P. Studies in the variability of pock counts. 


Subscription price per volume of 4 parts is 90s. net; single parts 2Ss., plus postage 
CAMBRIDGE UNIVERSITY PRESS, Bentley House, 200 Euston Road, London, N.W. 1 
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H. K. LEWIS of GOWER STREET, London, w.c. 


BOOKSELLING DEPARTMENT. A large stock of textbooks and recent litera- 
ture in all branches of Medicine and Surgery available. Please state particular interest. 
Foreign Books not in steck obtained to order. Catalogues on request. 


SECOND-HAND DEPARTMENT. A constantly changing large stock of Medical 
Literature on view, classified under subjects. Old and rare books sought for and 
reported. Large and small collections bought. 


LENDING LIBRARY. Annual Subscription from £1. 17s. 6d. 
PROSPECTUS post free on application. Bi-monthly list of NEW BOOKS and NEW 
EDITIONS added to the Library sent post free on request. 


* 


THE LIBRARY CATALOGUE revised to December 1956, containing a Classified 
Index of Authors and Subjects. Pp. xii+-1178. To subscribers £1. Ss. net. To non- 
subscribers £2. 2s. net, postage 2s. 


H. K. LEWIS & Co. Ltd., 136 GOWER STREET, LONDON, W.C.14 


Business hours: 9 a.m. to 5.30 p.m., Saturdays to { p.m. 
Telephone: EUSton 4282 (7 lines) Telegrams: Publicavit, Westcent, London 


STAINS 


AND REAGENTS 
FOR MICROSCOPY, ETC. 


ACRIDINE YELLOW SALTS JANUS, BLACK PYRONIN 


a 
ARABINOSE EOSIN, AZU » GREEN ROSOLIC ACID 
AURAMINE, O EVANS BLUE’ JENNER STAIN SODIUM DESOXYCHO- 
AZUR, A, 8,&C FETTROT 78 LACMOID LATE 
BRILLIANT CRESYL BLUE FIELD’S STAIN LEISHMAN STAIN SUDAN BLACK 
BROMOPHENOL RED GALLAMINE BLUE LIPASE TETRAZOLIUM SALTS 
CARMINIC ACID GALLOCYANIN LUXOL Fi FAST BLUE THIOFLAVINE, T&S 
CEDARWOOD OIL GIEMSA STAIN MANNITE, BACT TOLUIDINE BLUE 
CELLOIDIN HAEMATOXYLIN MAY-GRUNWALD STAIN TRYPAN BLUE 
CHLORPHENOL RED INDOPHEN METHYL GREEN UREASE 
CAESYL FAST VIOLET, CNS ISAMINE (PYRROL) ORCEIN 
CYTASE BLUE PROTEINASE WRIGHT'S BLOOD STAIN 


MF. 4 STAIN (for Keratin, &c.) 
AQUAMOUNT: moderately quick drying, neutra!, colourless aqueous mountant 


OPTOIL: synthetic, non-sticky immersion oil * 
CRISTALITE AND CLEARMOUNT: synthetic, colourless, neutral mountants : 


EDWARD GURR LTD. 


42 UPPER RICHMOND ROAD WEST, LONDON, S.W. 14 
Cables: Micromiabs, London Telephone: Prospect 8051 and 7606 : s 
UNIFORM HIGH QUALITY, SERVICE, RELIABILITY and IMMEDIATE DELIVERY — 
NOW READY 
‘A Practical Manual of Medical and Biological Staining Techniques’ 
by Edward Gurr. 2nd edition, 460 pages, price 42s., post and packing 1s. 6d. 
READY EARLY 1958 


‘Methods of Analytical Histology and Histochemistry’ 
by Edward Gurr. About 475 pages. Royal 8vo, price about 65s. 
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